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ABSTRACT 
 
Fish assemblages play a key role in stream ecosystems, and play a crucial role in 
the assessment of stream health.  Physical habitat is a key component of stream 
ecosystems and plays a major role in determining biotic assemblages and stream 
integrity.  There is increasing recognition of the role landscape factors play in 
determining biotic assemblages and stream integrity.  Landscapes in Iowa and other 
Midwestern states have been profoundly altered by conversion of native prairies and 
wetlands to agriculture.   We analyzed fish assemblages, physical habitat and landscape 
characteristics from 93 randomly selected sites on wadeable Iowa streams to explore 
relationships between fish assemblage, reach scale physical habitat and landscape 
characteristics at multiple spatial scales.  Non-metric multidimensional scaling ordination 
and stepwise multiple regression were used to explore, identify and quantify 
relationships. Ordination of sites by species abundance showed significant gradients 
related to stream size and stream health.  Thirty variables were identified as significantly 
correlated to the ordination of fish assemblage and significantly differed between healthy 
and impaired sites.  Eighteen variables of physical habitat were identified as predictors of 
fish assemblage metrics.  Variables described channel morphology, channel cross section 
and bank morphology, residual pool volume, relative bed stability, large woody debris, 
riparian vegetation, fish cover, human disturbance and substrate composition. Fish 
assemblages in Iowa wadeable streams are associated with the quality of the instream 
physical conditions that constitute an important part of their habitat.  Ordination of sites 
by physical habitat showed significant gradients of channel shape and habitat complexity, 
substrate composition and stream size.  Land cover variables were strongly correlated 
  
vii
with channel shape and habitat complexity, and catchment land area and gradient were 
correlated with stream size.  Fish assemblage was associated with gradients of land cover 
and stream size.  Our results support hierarchical stream system theory and support the 
view that landscape factors strongly influence mainly physical habitat characteristics in 
streams, and that in turn these physical habitat characteristics strongly influence stream 
fish assemblages.  
  
1
CHAPTER 1.  GENERAL INTRODUCTION 
 
Through modification of land, the land water interface and rivers themselves, 
humans have altered the ecology of lotic systems. To assess the health of streams and 
rivers, we need to understand the degree to which humans have altered these ecosystems, 
to determine sources of risk for further degradation, and to create acceptable biological 
standards and attainable criteria (Karr 1999).  The United States Environmental 
Protection Agency’s (USEPA) Environmental Monitoring and Assessment Program 
(EMAP) is designed to monitor and report on the condition of the nation’s ecological 
resources.  EMAP has terrestrial and aquatic components and consists of many 
participants spanning national and regional scales.  This study is one component, at a 
regional scale.  EMAP is intended to ask questions and provide information needed to 
understand the status of natural resources, understand cause of natural and anthropogenic 
conditions, and assess the impacts of different management alternatives (Paulsen and 
Lindhurst 1994).  Federal and state programs have endeavored to assess the health of 
streams and rivers because of a mandate from the Federal Water Pollution Control Act, 
also known as the Clean Water Act.  The objective of the Clean Water Act is “to restore 
and maintain the chemical, physical, and biological integrity of the Nation’s waters” 
(USGPO 2002). 
 Biological components have normally been of primary concern; fish and aquatic 
invertebrates are easily captured and measured, and have been used as indicators of 
environmental health since the 1800’s (Davis 1995).  Although biological indicators can 
identify an impaired system, physical habitat and chemical indicators are intended for use 
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as diagnostic tools to identify probable cause of conditions or changes in condition 
(Paulsen and Lindhurst 1994).  Chemical monitoring has limited potential in assessment 
because of short residence time in affected streams, unless there is consideration of 
temporal variation and thus a systematic and maintained effort.  Physical habitat, both 
instream and riparian, can be the driving factor of aquatic community potential in streams 
and rivers (Gorman and Karr 1978; Schlosser 1982).  Habitat conditions are usually the 
result of the complex combination of hydro-geomorphology and anthropogenic factors 
(Hughes et al. 1994).  Evaluation of instream physical habitat can reveal hydrologic, 
substrate composition, riparian and channel disturbances.  Catchment and riparian 
conditions associated with altered stream habitat or chemistry and thus biology can also 
be used as indicators of system stress.  Often stressor indicators are measurements of 
surrogates that represent changes that are hard to measure or quantify.  Examples of 
stressor indicators that have been used in stream assessments include; connected 
impervious surfaces (Wang et al. 2001), land use (Allan, et al. 1997, Lammert and Allan 
1999) and channelization age (Wang et al. 1998).  Spatial scale is important in 
consideration of the stressor effect on stream ecosystems, because stressors represent 
changes in processes and the hierarchical nature of stream habitats (Frissel 1987).  It is 
important to understand at which spatial scale stressors impact stream habitat and biota, 
so that conservation or restoration activities can target the appropriate scales at which 
stressors are acting. 
The streams and rivers of Iowa are an important resource for boating, swimming, 
municipal and agricultural water supply, wastewater assimilation, and angling.  To ensure 
human safety and direct use benefits as well as protection and conservation of species and 
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aesthetic value, methods to evaluate the integrity or health of the resource and level of 
disturbance are required. Improvement and protection of water quality in Iowa has been 
mandated by the Iowa DNR through the Clean Water Act.  The Clean Water Act 
specifically charges each state to: determine appropriate standards (section 303b), 
identify impaired waters (section 303d), and create a biennial report on water quality of 
the state (section 305b; USGPO 2002). To accurately assess the state of stream resources 
in Iowa, it is important that managers are using appropriate indicators including 
biological, chemical, physical habitat, and anthropogenic stressors.  Currently for 303d 
and 305b assessments, the Iowa DNR incorporates biological (fish and macroinvertebrate 
IBIs) and chemical exposure indicators (nutrients and toxins).  Including physical habitat 
and stressor indicators may improve accuracy of stream integrity assessments, if those 
indicators are relevant, account for natural variability, respond to management activities, 
and have an acceptable degree of accuracy and precision (Bauer and Ralph 2001).  
 
Thesis Organization 
 This thesis is comprised of two manuscripts to be submitted to the American 
Fisheries Society for publication in Transactions of the American Fisheries Society.  The 
manuscripts contain an abstract, introduction, study site, methods, results, discussion, and 
references sections.  Tables and Figures are located at the end of each manuscript’s text.  
Site descriptions, summary statistics and test results are appended to the end. 
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CHAPTER 2.  FISH ASSEMBLAGE RELATIONSHIPS WITH 
REACH SCALE PHYSICAL HABITAT IN  
WADEABLE IOWA STREAMS 
A paper to be submitted to Transactions of the American Fishery Society 
David C. Rowe, Clay L. Pierce, Thomas F. Wilton 
Abstract 
Fish assemblages play a key role in stream ecosystems, and play a crucial role in the 
assessment of stream health.  Physical habitat is an important determinant of the integrity 
of stream fish assemblages.  Streams in Iowa and other Midwestern states have been 
profoundly altered due to pervasive agricultural land use.  We analyzed fish and physical 
habitat data from 93 randomly selected sites on wadeable Iowa streams to explore fish 
assemblage relationships with reach scale physical habitat.  Sites were sampled using dc 
electrofishing and the USEPA EMAP wadeable streams physical habitat protocol.  Non-
metric multidimensional scaling ordination and stepwise multiple regression were used to 
explore, identify and quantify relationships.  Ordination of sites by species abundance 
showed significant gradients related to stream size and stream health.  Thirty variables 
were identified as significantly correlated to the ordination of fish assemblage and 
significantly differed between healthy and impaired sites.  Eighteen variables of physical 
habitat were identified as predictors of fish assemblage metrics.  Variables described 
channel and channel cross section and bank morphology, residual pool volume, relative 
bed stability, large woody debris, riparian vegetation, fish cover, proximity of human 
disturbance and substrate composition.  Fish assemblages in Iowa wadeable streams are 
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associated with the quality of the instream physical conditions that constitute an 
important part of their habitat.  We discuss these results and likely causes of conditions in 
physical habitat in an agriculturally dominated landscape.  
 
Introduction 
Fish assemblages play a key role in stream ecosystems (Allan 1995; Matthews 
1998).  Fish are a major component of the trophic structure of stream ecosystems through 
herbivory, planktivory, insectivory, and piscivory (Matthews 1998).  These trophic 
interactions have been shown to directly affect stream community composition by 
reducing prey abundances and indirectly through competitive release.  Fish can act to 
alter stream nutrient cycling by herbivory or through translocation of nutrients via 
consumption and subsequent excretion.  Fish also act to modify their physical 
surroundings.   Bioturbation by stream fish can have direct and indirect affects on other 
stream inhabitants by altering critical habitats through removal of fine sediments from 
spawning beds, construction of gravel mound redds, grazing of algae and macrophytes or 
suspension of fine sediments while foraging.    
 Fish assemblages also play a crucial role in the assessment of stream health 
(Simon 1999).  Fish can be easily captured and measured, and have been used as 
indicators of environmental health since the 1800’s (Davis 1995).  Fish are normally 
present in even the smallest streams and the general public can more easily relate to 
statements about fish than other taxonomic groups of stream biota (Karr 1981).  Fish 
assemblages are good response indicators because they reflect the overall ecological 
integrity, integrate the effects of different stressors and thus provide a broad measure of 
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combined stressor effects (Karr et al. 1986), can persist and recover from natural 
disturbances, and constituent organisms have life spans usually greater than one year and 
can reflect both long term and current water quality (Barbour et al. 1999).  Development 
of quantitative multi-metric indices such as the Index of Biotic Integrity (IBI; Karr 1981; 
Fausch et al. 1984; Wilton 2004) and establishing biological criteria (Lyons 1992; Yoder 
and Rankin 1995; Wilton 2004) have allowed for effective use of fish assemblages as 
reliable indicators of environmental condition.   
Physical habitat is an important determinant of the integrity of stream fish 
assemblages (Hughes et. al. 2006).  Physical habitat characteristics such as current 
velocity (Poff and Allan 1995), water temperature (Wang et al. 2003), coarse particulate 
organic matter and woody debris (Gregory et al 1991), depth and cover (Schlosser 1982; 
Berkman and Rabeni 1987), and appropriate substrates for spawning (Berkman and 
Rabeni 1987) have all been shown to influence fish assemblages.  Fish species diversity 
has been shown to increase as the diversity of habitats increase (Gorman and Karr 1978).  
Habitat alterations that reduce complexity (Paragamian 1987; Shields et al. 1994; Lau et 
al. 2006) or decrease the stability of environmental conditions (Poff and Allan 1995; 
Lammert and Allen 1999; Diana 2006) have been shown to reduce fish diversity and 
abundance.  Modification of physical habitat can lead to brief or long lasting changes in 
the composition of stream fish assemblages depending on the severity of the disturbance 
(Reice et al. 1990).   
Streams in Iowa and other Midwestern states have been profoundly altered due to 
pervasive agricultural land use (Karr et al. 1985; Waters 1995; Heitke et al. 2006).  In the 
mid-nineteenth century, Iowa was transformed from prairie and wetlands that absorbed 
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water, to cultivated fields and pastures with increased drainage and reduced water 
storage.  This hydrologic change occurred through extensive draining of wetland soils, 
ditching, and channelization, causing an increase in peak flows and a decrease in base 
flow (Campell 1972).  As peak flows increased so did the streams’ power or ability to 
erode and carry sediment.  The resulting channel erosion and incision led to decreased 
substrate heterogeneity and an increase in dominance of sand and silt (Menzel 1983).  
The amount of cover for fish was reduced as the increased stream power removed aquatic 
macrophytes and increased sedimentation covered coarse substrates (Menzel 1983).  An 
estimated 4,800 kilometers of stream channel were lost to channelization in Iowa 
(Bulkley 1975).  Channelization removed woody debris and reduced habitat complexity.  
These direct and indirect effects of agriculture have been shown to reduce species 
diversity and abundance in Iowa (Paragamian 1987; Heitke et al. 2006) and other 
Midwestern states (Karr et al.1985, Roth et al. 1996, Allan et al.1997, Wang et al. 1997). 
The overall goal of this study was to explore fish assemblage relationships with 
reach scale physical habitat in wadeable Iowa streams.  Our specific objectives were to: 
(1) quantify and characterize the fish assemblages, including biotic integrity, in an 
unbiased sample of wadeable, second through fifth order Iowa streams representing all 
major river drainages and ecoregions, (2) quantify and characterize reach-scale physical 
habitat conditions at fish collection locations, (3) identify physical habitat variables 
significantly associated with fish assemblage characteristics, and (4) quantify, describe, 
and interpret fish assemblage relationships with physical habitat.  Our study was part of 
two nationwide U.S. Environmental Protection Agency (USEPA) programs, the 
Environmental Monitoring and Assessment Program (EMAP) and the Wadeable Streams 
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Assessment (WSA) program. 
 
Study Site 
Site Selection.—Stream locations were selected by the USEPA Office of Research and 
Development using the systematic stratified random selection procedure developed for 
the EMAP and WSA programs (Stevens and Olsen 1999).  All second order and higher 
stream segments on the United States Geological Survey 1:100,000 scale River Reach 3 
map coverage of Iowa were eligible for selection.  All first order streams, intermittent 
streams, and large border rivers were excluded.  Streams can be considered a network of 
one dimensional segments.  Each stream segment is defined as a length of stream 
extending from a downstream confluence to the following upstream confluence.   All 
stream segments were individually numbered and their length was weighted by stream 
order and ecoregion to ensure even representation of stream sizes and ecoregions.  
Weighted segments were randomly distributed along a line and then points along the line 
were systematically selected.  This identified specific site locations (X-points) on stream 
segments that became the center of the reaches sampled for fish and physical habitat.  At 
the time of sampling, the X-point location was verified by global positioning system.  If 
greater than 60% of the reach to be sampled was judged to be non-wadeable, the site was 
excluded.  
Of the 106 total sites sampled, 93 were retained for further analysis (Figure 1, 
Appendix 1).  Ten sites were omitted because they were dominated by coldwater species.  
Coldwater streams are very limited in Iowa, are subject to intensive salmonid stocking 
and management, and support fish assemblages that are more appropriately evaluated 
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with an IBI specifically designed for coldwater assemblages (Lyons et al. 1996; Mundahl 
and Simon 1999).  Furthermore, assemblages at these 10 sites differ from the majority of 
assemblages in response to temperature rather than physical habitat, which was the focus 
of our analysis.  Three additional sites were omitted because no fish were collected and 
severe pollution was suspected.  The remaining 93 sites represented all four ecoregions 
and the seven subregions within the Western Corn Belt Plains ecoregion of Iowa (Figure 
1). 
     
Ecoregions of Iowa.—Iowa contains four different ecoregions as described by McMahon 
et al. (2001).  The predominant ecoregion in Iowa is the Western Corn Belt Plains, 
covering the majority of the state from the Missouri River to the Mississippi. The 
Western Corn Belt Plains is described as smooth to irregular plains and low hills, 69-89 
cm of annual precipitation, dominated by row crop agriculture, with the potential of tall 
grass prairies and oak and hickory forests.  The Western Corn Belt Plains ecoregion is 
divided into seven sub-regions for water quality and assessment (Griffith et al. 1994). 
The Northwest Iowa Loess Prairies is the highest in elevation and has the least 
precipitation of the sub-regions. In the northern center of the state, the Des Moines Lobe 
has loamy soils and a poorly developed stream network. Most of this region has been 
converted from wet prairie to intensive row crop agriculture with substantial subsurface 
drainage. The Iowan Surface transitions from the limestone bedrock of the Paleozoic 
Plateau to the glacial landforms of the Des Moines Lobe. Stream gradients in the Iowan 
Surface are generally low, but ground water from limestone aquifers can contribute to 
stream flow. The Missouri Alluvial Plain is the area west of the Loess Hills to the 
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Missouri River. Most rivers and streams here are channelized and wetlands have been 
drained to create arable land. The Loess Hills and Loess Hills and Rolling Prairies are 
dominated by thick deposits of loess soils, up to 60 meters in depth. There is greater relief 
which increases the amount of rangeland, pasture, and deciduous forest, which was not 
historically present, but is a result of fire suppression. The Loess Hills have high stream 
density because of the relief, and are subject to high rates of erosion because of the light 
and friable soils. The last subregion of the Western Corn Belt is the Southern Iowa 
Rolling Loess Prairies.  Characterized by loess soils, this sub-region stretches from the 
southwest corner of Iowa across the central portion of the state to the Mississippi River.  
The Central Irregular Plains occur in far southern Iowa.  Topographically more 
irregular than the Western Corn Belt Plains, the Central Irregular Plains have a greater 
variety of land use practices. This region is described as irregular plains to low hills, 76-
89 cm of annual precipitation, a mixture of cropland, pasture, and deciduous forest, with 
the possibility of a natural mosaic of tall grass prairie and oak-hickory forest.  
The Paleozoic Plateau, often referred to as the “Driftless Area” due to lack of 
recent glaciations, is very different from the other regions in Iowa. High relief, thin soils 
over limestone bedrock mean that streams in this region are entrenched in valleys, have 
cool waters from groundwater input, and are characterized with high gradients flowing 
over rocky substrates. This region experiences 81-86 cm of precipitation and has a mix of 
cropland, pasture, and forests, with potential for maple-basswood forests.  
The Interior River Lowland region includes the lower portions of the Illinois, 
Missouri, Ohio, and Wabash rivers and extends upward along the Mississippi River and 
includes portions of southeastern Iowa, including the lower Iowa and Cedar Rivers. The 
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alluvial floodplains contain cropland, deciduous forest, and forested wetlands with only 
remnants of forested bottomlands remaining. Annual precipitation of 86-91 cm and 
potential for oak-hickory forests characterize this region in Iowa.  
 
Methods 
Fish Assemblages.—Fish assemblages were sampled in reaches using single pass 
upstream electrofishing using either a DC tow barge, or single or dual pulsed DC 
backpack shockers (Simonson and Lyons 1995, Yoder and Smith 1999).  Reaches were 
centered on the X-point and isolated with block nets to prevent escape.  The reach for 
streams with a mean width of less than 12 meters was 30 times the mean width.  The 
reach for streams with a mean width greater than 12 meters was 20 times the mean width 
with a maximum length of 400 m.  An effort was made to sample all accessible habitats 
in the reach and collect all stunned fish.  All fish collected were identified to species, 
counted, and examined for external physical abnormalities, and released alive. 
Species, family, functional guild, diversity, tolerance to environmental 
degradation, and individual fish health characteristics were quantified as richness or 
abundance and used to calculate 12 metrics shown to be indicative of fish community 
health in Iowa streams (Wilton 2004).  The 12 metrics include: 1) number of native fish 
species, 2) number of sucker species, 3) number of sensitive fish species, 4) number of 
benthic invertivore species, 5) percent abundance of the three dominant fish species, 6) 
percentage of fish as benthic invertivores, 7) percentage of fish as omnivores, 8) 
percentage of fish as top carnivores, 9) percentage of fish as simple lithophilous 
spawners, 10) fish assemblage tolerance index, 11) adjusted catch per unit effort, 12) 
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percentage of fish with deformities, erosions, lesions or tumors (DELTs).  These metrics 
are similar to those included in Karr’s original IBI (1981; Fausch et al. 1984). All metrics 
are assumed to have a positive relationship with fish community health except percent 
abundance of the three dominant fish species, percentage of fish as omnivores, fish 
assemblage tolerance index and percent DELTs, which are assumed to have negative 
relationships with biological integrity.  The twelve metrics are combined to generate a 
Fish Index of Biotic Integrity (FIBI) score with a range of 0-100, where 71-100 is 
excellent; 51-70 is good, 26-50 is fair, and 0-25 is poor (Wilton 2004).   
 
Physical Habitat.—Physical habitat was sampled following the USEPA EMAP Wadeable 
Streams Physical Habitat protocol (Kaufmann et al. 1999).  This protocol generated 345 
variables of reach scale physical habitat in 11 categories, including channel morphology, 
channel cross section and bank morphology, fish cover, flow, human disturbance, large 
woody debris, relative bed stability, residual pools, riparian vegetation, sinuosity and 
slope, and substrate composition.  Sampling occurred over a reach 40 times the mean 
stream width centered on the selected X-point.   Eleven cross sectional transects were 
evenly spaced at four times the mean stream width along the reach.  To characterize 
channel and riparian condition, measurements of cross section dimensions were taken at 
each transect including: wetted channel width, bankfull width, bankfull height, height of 
channel incision, undercut bank distance, and depths at the left bank, 25% width, mid 
channel, 75% width, and at the right bank. Bankfull channel is defined as the channel that 
is filled by moderate-sized flood events that typically occur every one to two years. These 
events normally do not spill over into the floodplain, but can be estimated by the location 
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of a slope change on the bank, the point where water would begin to overflow the banks. 
Flows at bankfull stage are considered to control channel dimensions in most stream 
channels. The angle of the bank was measured from the waters edge with a clinometer. 
Measurement of channel slope and bearing were taken by back-sighting to the previous 
transect, using a clinometer and compass respectively. Canopy density was measured 
with a convex Lemmon spherical crown densiometer once at each bank while facing the 
bank and from the mid-channel facing upstream, downstream, and each bank.  
Along each cross sectional transect, estimates of substrate size and embeddedness 
were recorded at the same locations where depths were measured.  Substrates were 
measured with a modified Wolman pebble count.  Embeddedness is an estimate of the 
lack of interstitial spaces between the substrate particles in a 10 cm radius around the 
sampled particle.  Additional estimates of substrate size were taken halfway between 
transects at the same channel locations, left bank, 25% width, mid channel, 75% width, 
and at the right bank, for a total of 105 particles throughout the entire reach.  Size was 
estimated into one of thirteen size classes from fines to bedrock.  Relative bed substrate 
stability was estimated as ratio of the observed substrate particle mean diameter to the 
critical diameter at bankfull flow, the largest diameter particle that would be mobile 
during a bankfull flow event. 
Riparian vegetation at each transect was classified visually within a 10 m2 area 
centered on the transect and extending 10 meters from each bank. Cover classes were 
absent, sparse (< 10%), moderate (10-40%), heavy (40-75%), and very heavy (>75%). 
Vegetation was further classified in three height categories: canopy (>5 m), mid-layer 
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(0.5-5 m), and ground cover (<0.5 m) and by type: deciduous, coniferous, shrubs, 
grasses, and barren. 
In-stream cover at each transect was classified visually within an area extending 5 
m upstream and 5 m downstream along the transect.  Cover categories included 
filamentous algae, macrophytes, large woody debris, small woody debris, live trees roots, 
overhanging vegetation, undercut bank, boulders, and other.  Proximity of human 
disturbances were recorded at each transect, as on the bank, within 10 m of the bank or 
visible.    
Thalweg profile was quantified by measuring maximum depth along the channel 
at 10 or 15 evenly spaced intervals between the eleven transects, creating 100 or 150 
individual measurements along the entire reach.  In streams with a mean width less than 
1.5 m the interval was decreased to capture the heterogeneity of the habitat by taking 15 
measurements.  Streams that had mean width greater than 1.5 m had 10 intervals between 
transects.  At each interval maximum depth was measured, habitat was classified by 
water flow characteristics (e.g. pool, glide, riffle, or rapid), pool forming features were 
identified, and the presence of soft and small sediments was recorded.  Thalweg profiles 
were used to estimate residual pool characteristics.  A residual pool is defined as an area 
that would contain water even at zero discharge due to the damming effect of its 
downstream riffle crest.  The residual pool longitudinal profile of the reach was used to 
calculate reach aggregate volumes and residual pool summary variables.  Depositional 
sediment bars, islands, side channels, backwaters and anthropogenic disturbances (e.g. 
field drain pipes) were also recorded as the thalweg profile was mapped between 
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transects.  All pieces of large woody debris were counted between transects and 
categorized by length, diameter, and presence in the wetted channel or bankfull channel.  
 Stream discharge was measured at a location close to the center of the reach that 
had constant laminar flow using the velocity-area method.  A cross-sectional transect was 
divided into 15-20 cells and each were measured for width and depth.  To ensure 
accuracy no cells exceeded a maximum width of 1 m.  On a few occasions, large streams 
required more than 20 cells.  Water velocity was measured with a Marsh McBirney flow 
meter at 60% water column depth in each cell. The sum of all cell products (width x 
depth x velocity) estimated stream discharge (m3/s) for the reach.  
  
Data Analysis.—Fish assemblage characteristics were analyzed for association with the 
345 reach-scale physical habitat variables.  We used a five-step variable selection process 
to test for association with the fish assemblages and create models to predict FIBI and the 
FIBI metrics.  The five steps included: 1) creation of non-metric multidimensional 
scaling (NMDS) ordinations, 2) fitting physical habitat variables as vectors to the 
ordinations and testing for significance, 3) rank sum tests of the physical habitat variables 
between sites with FIBI scores less than 25 (poor) and greater than 50 (good or 
excellent), 4) removing redundant variables, and 5) stepwise multiple linear regressions 
to identify physical habitat variables that are good predictors of the FIBI metrics. 
We created three separate NMDS ordinations based on species abundance, 
species presence or absence, and FIBI metrics.  NMDS is a nonlinear ordination used to 
graphically represent the similarity in species composition in multiple dimensions.  Sites 
with similar assemblages plot close together, and sites with dissimilar assemblages plot 
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far apart.  NMDS is unconstrained by environmental variables so the ordination of sites is 
driven only by species composition.  Unconstrained ordinations are more appropriate for 
investigating relationships with a large suite of environmental variables.  Environmental 
variables can then be fit to the ordination as regressed vectors to identify or test for 
associated environmental gradients.  The ordination of species abundance was based on a 
matrix of pair-wise similarities between sites generated using Bray Curtis distance 
coefficients.  Species abundances were quantified as number per 100 m of stream.  The 
presence-absence ordination was generated from a matrix of pair-wise similarities 
between sites using Jaccard distance coefficients.  The ordination of FIBI metrics was 
generated from a matrix of pair-wise similarities between sites using Canberra distance 
coefficients.  We chose not to remove any species from the analyses because we reasoned 
that uncommon or rare species are sampled less frequently because they are responding 
to environmental conditions, and are thus important in detecting environmental changes 
(Cao et al. 1998).  All three types of ordinations (species abundance, species presence-
absence, FIBI metrics) revealed equivalent patterns of similarity among sites.  Therefore, 
we present only the ordination of species abundance, which retained the most information 
and the clearest patterns.   
All physical habitat variables were fit to the ordination as vectors.  Vectors 
indicate the direction of most rapid change, which can be interpreted as the direction of 
an environmental gradient.  The length of the vector is proportional to the strength of the 
correlation between the ordination and the physical habitat variable.  This can be 
interpreted as the strength of the environmental gradient.  Tests for significance of these 
correlations were run using Monte Carlo permutation tests.  The squared correlation 
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coefficient was considered significant if it was greater than the 95th percentile of 1000 
randomly permuted correlations.  Variables that were significantly correlated with the 
ordination were retained.  The NMDS ordination was created using the metaMDS 
function, permutation tests were performed using the envfit function, and surface fitting 
was performed with the ordisurf function in the VEGAN package (Oksanen et al. 2007) 
for R (R Development Core Team 2006). 
The physical habitat variables that were significantly correlated with at least one 
ordination were then evaluated using Wilcoxon Rank Sum Tests.  Variables were tested 
for their ability to distinguish between sites with poor FIBI scores (< 30) and good or 
excellent scores, (> 50).  Variables that significantly (p ≤ 0.05) distinguished between 
sites by FIBI scores were retained.  These retained variables were then assessed for 
redundancy.  Groups of highly correlated variables were considered redundant and 
reduced to one variable (Pearson r >.75).  Variables that have been previously shown to 
influence biotic integrity, variables with high correlation values with the NMDS 
ordinations, or composite variables were retained from groups of correlated variables. 
Stepwise multiple linear regressions were used to identify good predictors of FIBI 
metrics and FIBI from the retained set of physical habitat variables.  The significance 
level was set at p ≤ 0.05.  Models were checked for overly influential observations and 
residual plots were examined to evaluate assumptions of linearity and equal variance.  
Rank sum tests, correlation matrices and stepwise multiple regressions were analyzed 
using SAS software (SAS Institute 1996). 
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Results 
Fish Assemblages.—We collected 43,737 fish from 82 species (Table 1).  The average 
FIBI score at sites was 34, the lowest score was 1 and the highest 90.  Six sites (6%) were 
scored as excellent (>70), eight sites (9%) were scored as good (51-70), 49 sites (53%) 
were fair (26- 50), and 30 (32%) sites were poor (<25).  Species richness at sites ranged 
from 1 to 35 with a mean of 14.  Total catch at sites ranged from 14 to 1,835 with an 
average catch per 100 m of 186.  Tolerance index, a measure of proportion of 
intermediate and tolerant species with a possible range of 0-10, had a mean value of 7.2 
with an observed range from 3-10.  A tolerance index value of 10 describes an 
assemblage dominated by fish tolerant of environmental degradation.  Bluntnose minnow 
Pimephales notatus had the highest total catch followed by creek chub Semotilus 
atromaculatus, central stoneroller Campostoma anomalum, sand shiner Notropis 
stramineus, and bigmouth shiner Notropis dorsalis.  Creek chub occurred at the most 
sites followed by bigmouth shiner, sand shiner, bluntnose minnow, green sunfish 
Lepomis cyanellus, johnny darter Etheostoma nigrum, and white sucker Catostomus 
commersoni.  Three exotic species were recorded, common carp Cyprinus carpio, 
goldfish Carassius auratus, and brown trout Salmo truta.  Common carp were frequently 
sampled, occurring at 37% of the sites, while only one individual goldfish and brown 
trout were sampled.  
The NMDS ordinations of species abundance, species presence-absence, and FIBI 
metrics were evaluated at two and three dimensions.  There was only a small 
improvement of stress values between ordinations with two or three dimensions, so all 
analysis was performed in two dimensions to simplify graphical presentation.  Stress 
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values ranged between 15.1 for the ordination of FIBI metrics and 21.7 for the ordination 
of species abundance.  All three types of ordination (species abundance, species 
presence-absence, FIBI metrics) revealed equivalent patterns of similarity among sites.  
Therefore, we will present only the ordination of species abundance, which retains the 
most information and the clearest patterns. 
The NMDS ordination of sites by species abundance showed good separation of 
sites with a tendency for sites in the major river drainages to show some separation 
(Figure 2).  There was some clustering of sites by ecoregion.  For example, the Paleozoic 
Plateau sites grouped to the far left and the Interior River Lowland sites near the top.  
However, there was significant interspersion of sites from different ecoregions suggesting 
that ecoregional differences explain little of the variation within the ordination. 
We fit flexible surfaces to the ordination to explore relationships with stream 
health and stream size and to facilitate interpretation (Figure 3).  The surface describing 
stream health, as indicated by FIBI score, showed a gradient from the bottom right 
increasing toward the upper left corner.  The stream order surface showed a gradient of 
increasing stream size from the bottom left to the upper right.  Coefficients of 
determination for the correlations between the ordination and the surfaces indicated that 
these factors explained a large amount of the variation in the ordination; 45% for the FIBI 
surface and 39% for the stream order surface.     
Figure 4 is the same ordination shown in Figure 2, but with species superimposed 
as weighted average positions based on site abundances.  This technique facilitates 
interpretation of the ordination, and is an alternative to labeling axes with species 
accounting for strong effects on axis scores.  Species that occur in smaller streams, such 
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as brook stickleback Culaea inconstans, fathead minnow, johnny darter, and southern 
redbelly dace Phoxinus erythrogaster, plot to the bottom left (compare with Figure 3).  
Species in the upper right are commonly found in larger streams and rivers, such as 
walleye Sander vitreum, white bass Morone chrysops, gizzard shad Dorosoma 
cepedianum, and freshwater drum Apodinotus grunniens.   Species sensitive to 
environmental degradation, such as northern pike Esox lucuis, black redhorse Moxostoma 
duquesnei, gravel chub Erimystax x-punctatus, and smallmouth bass Micropterus 
dolomieu, tend to plot to the upper left.  Species that are ubiquitous in Iowa, such as sand 
shiner, yellow bullhead Ameiurus natalis, suckermouth minnow Phenacobius mirabilis, 
and green sunfish plotted near the origin. 
 
Physical Habitat.—Over 35,200 meters of stream channel were sampled, and sites 
encompassed a variety of physical habitat conditions.   Watershed size varied from 5.2 
km2 to 2,146.1 km2 with a mean of 332.5 km2.  Twenty-five sites (27% of the total) were 
second order, 28 third order (30%), 30 fourth order (32%), and 10 fifth order (11%).  The 
mean stream width varied from 1 to 37 m with a mean of 10 m.  The mean stream depth 
varied from 10.4 cm to 125.5 cm with a mean of 47.8 cm.  The width to depth ratio had a 
range of 3.3 to 84, and a mean of 26.  Sites were often dominated by small substrates and 
eroding banks.  The percentage of sand and fine sediments combined ranged from 44.2% 
to 99% with a mean of 78.6%.  Sites in the Paleozoic Plateau ecoregion and the three 
northern subregions of the Western Corn Belt plains, Northwest Iowa Loess Prairies, Des 
Moines Lobe, and the Iowan Surface, had significantly greater amounts of gravel and 
coarse substrates, and smaller amounts of sand and fine substrate than the Central 
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Irregular Plains, the Interior River Lowland ecoregions, and the southern subregions of 
the Western corn belt plains (Figure 5).  Sites also differed when grouped by major 
drainage basin.  Sites within the Missouri River drainage had more hardpan, fines, and 
less cobble and bedrock than sites in the Mississippi drainage.  The height of channel 
incision ranged from .5 m to 10.4 m with an average incision of 3.1 m.  Sites in the 
Missouri river drainage were on average 1.2 m more incised than sites in the Mississippi 
Drainage (p=0.002).  Most sites were low gradient, non-meandering and dominated by 
glide habitat.  Channel slope varied from 0.0% to 1.6% with a mean of 0.2%.  Only seven 
sites had slopes that were greater than 0.5%.  The reach scale sinuosity varied from 1 to 
4.2 with an average of 1.2.  Percent glide habitat varied from 0-100% with a mean of 
70.2%.        
 
Relationships between Fish Assemblages and Reach Scale Physical Habitat.—
Permutation tests identified 216 physical habitat variables as significantly correlated 
(p<0.05) to at least one of the three ordinations (Appendix 4).  One hundred ninety-three 
variables were significantly correlated to the species abundance ordination, 208 variables 
were significantly correlated to the species presence-absence ordination, and 177 
variables were significantly related to the FIBI metric ordination.  Of the 216 variables 
that were significantly correlated to at least one of the NMDS ordinations, each of the 11 
categories of physical habitat were represented by at least one variable.   
Wilcoxon rank sum tests identified 99 variables that were significantly different 
(p<0.05) between sites with FIBI scores below 25 or above 50 (Appendix 5).  Sixty-nine 
variables were removed because they were strongly correlated (r>0.75) with other 
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variables in the same category.  The remaining 30 variables were considered to be 
potentially important determinants of fish assemblage characteristics and were retained 
for further analysis (Table 2). 
Twelve stepwise multiple linear regression models were constructed to predict 
individual FIBI metrics and FIBI (Table 3).  No satisfactory model was created to predict 
percent DELT.  The selected physical habitat predictors included 18 variables 
representing nine categories of reach scale stream physical habitat (Table 3).     
Number of native species was positively correlated with mean residual width of 
reach (RPXWID), percent fine gravel (PCT_GF), proportion of reach with large objects 
as fish cover (PFC_BIG), and amount of riparian vegetation with canopy cover (XC).  
The number of sucker species was positively correlated with residual width of reach, 
percent fine gravel, percent of substrates greater than 16 mm in diameter (PCT_BIGR), 
and number of dry medium diameter long length pieces of large woody debris 
(RCHDMDLL). The number of sensitive species was positively correlated with 
percentage of substrates greater than 16mm in diameter, residual width of reach, percent 
fine gravel, and amount of riparian vegetation with canopy cover.  The number of benthic 
invertivore species was negatively correlated with percent sand and fine substrates 
(PCT_SAFN), and positively correlated with residual width of reach and percent of 
substrates greater than 16 mm in diameter.  
  The percentage of the three most abundant species was positively correlated with 
percent fine substrates (PCT_FN), and negatively correlated with percentage of substrates 
greater than 16 mm in diameter and number of dry medium diameter long length pieces 
of large woody debris.  The percentage of benthic invertivores was positively correlated 
  
25
with percentage of substrates greater than 16 mm in diameter, proportion of reach with 
boulder cover (XFC_RCK), and number of dry medium diameter long length pieces of 
large woody debris.  The percentage of omnivorous fish was positively correlated with 
maximum residual depth (RPMXDEP), relative bed stability (LRBS_BW6), and 
proportion of reach with boulder cover, and negatively correlated with percent fine 
gravel, residual pool volume per 100 m (RPV100R) and percent of substrates greater than 
16 mm in diameter.  The percentage of top carnivorous fish was positively correlated 
with width to depth ratio (XWD_RAT), presence of row crop agriculture (W1H_CROP), 
standard deviation of bankfull width (SDBKF_W), and negatively correlated with 
relative bed stability.  The percentage of lithophilous spawners was positively correlated 
with residual width of reach, number of dry medium diameter long length pieces of large 
woody debris, proportion of reach with boulder cover, percent sand and fine substrates, 
and standard deviation of thalweg depth (SDDEPTH), and negatively correlated with the 
bankfull width to depth ratio (BFWD_RAT).  
Residual width of reach, percent fine gravel, proportion of reach with large 
objects as fish cover were all negatively correlated with the tolerance index metric.  
Adjusted CPUE was negatively correlated with percent sand and fine substrates and 
presence of row crop agriculture.  FIBI was positively correlated with residual width of 
reach, percent fine gravel, and percentage of substrates greater than 16 mm in diameter, 
and negatively correlated with the mean height of channel incision (XINC_H).  
The 18 physical habitat variables identified as predictors of FIBI and its 
component metrics (Table 3) were plotted as vectors on the ordination of fish species 
abundance (Figure 6).  Groups of vectors aligned along both axes.  Percent fine gravel 
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and percent substrate greater than 16 mm in diameter plot opposed channel incision and 
percent sand and fine sediment along NMDS Axis 1.  The variables that describe channel 
and bankfull channel morphology, canopy cover, and large woody debris aligned with 
NMDS Axis 2 and opposite the vectors describing percent fine sediment and proximity of 
row crop agriculture.  Cover variables and relative bed stability appear to be associated 
with the level of impairment (see FIBI gradient, Figure 4).  Variables that describe coarse 
substrate, cover for fish, bed stability, large woody debris, and channel morphology are 
associated with the Mississippi drainage sites, while the variables describing proximity of 
row crop, small substrates, and channel incision are associated with sites in the Missouri 
drainage.    
 
Discussion 
Fish assemblages in Iowa wadeable streams are associated with the quality of the 
instream physical conditions that constitute an important part of their habitat.  We 
identified 30 physical habitat variables significantly related to fish assemblage 
composition and significantly different between sites judged as poor and sites judged as 
good or excellent by FIBI.  Eighteen of these variables were included in models 
predicting fish assemblage metrics.  We feel this is strong evidence that stream fish 
assemblages are influenced by the quality of instream habitat.  Furthermore, we believe 
this supports use of instream physical habitat in conjunction with existing biological 
indicators for assessment of wadeable streams in Iowa. 
Previous work suggests that instream physical habitat influences stream fish at 
three scales: reaches, mesohabitats, and microhabitats (Frissell 1986).  Eleven of the 18 
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variables we identified as predictors of FIBI metrics were measured at and presumably 
operate at the reach or mesohabitat scales.  These variables describe channel morphology, 
channel cross section and bank morphology, and riparian characteristics.  Fish are 
relating to these elements that create the physical space and modify hydrological 
conditions.  The remaining seven variables describe substrate composition or cover for 
fish, microhabitat scale elements that relate to feeding, reproduction and predator or 
current avoidance.   
Nine of the selected physical habitat variables, including mean residual width of 
reach, maximum residual depth, residual pool volume per 100 m, standard deviation of 
thalweg depth, mean width to depth ratio, standard deviation of bankfull width, mean 
bankfull width to depth ratio, mean channel incision height, and relative bed stability, 
describe the availability or heterogeneity of fish habitat at the reach scale.  Several 
studies have demonstrated a relationship between the number of stream fish species and 
the diversity of habitats available, implying that reduction in habitat diversity would lead 
to reduction of species (Gorman and Karr 1978).  Shields et al. (1994) found that incised 
streams in northwest Mississippi had reduced species richness and smaller fish than a 
non-incised reference site.  Infante et al. (2006) showed that streams in Michigan’s 
Lower Peninsula with decreased depth at low flow and increased incision had reduced 
fish species composition and biomass.  Loss of habitat diversity from channel 
homogenization reduced abundances of game fish and of total fish, but not species 
richness in an earlier study of Iowa streams (Paragamian 1987).  This loss of habitat 
diversity also has reduced invertebrate drift density in channelized reaches of Iowa 
streams (Zimmer 1976).  Channel incision causes loss of stream fish diversity and 
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abundance through modification of stream channel form, flow, and reduced connection 
with the floodplain.  If transport exceeds sediment inputs the result is a negative sediment 
budget leading to stream bed erosion, initially down cutting and then widening the stream 
channel (Schumm 1977).  This mobilizes sediments, destroys riffles, fills pools, and 
ultimately results in a homogenous bed of unstable particles with little variation in depth 
and habitat diversity.  As pools fill with sediment and eventually disappear, they no 
longer provide low flow refuges, forcing fish to inhabit shallower areas with increasing 
temperature and decreasing dissolved oxygen (Smale and Rabeni 1995).  At high flows 
incised channels have reduced frictional resistance which increases current velocity and 
stream power, and increases hydraulic stress on biota and leads to further erosion (Infante 
et al. 2006).  Incision isolates the channel from the floodplain, preventing fish from 
accessing preferred habitats for spawning, rearing, and low velocity refugia during 
periods of high discharge (Kwak 1988, Turner et al. 1994).   
Riparian vegetation affects stream biota by influencing cover, instream 
temperature, bank stability and primary production (Gregory et al. 1991). Variables 
quantifying canopy cover, proximity of row crop agriculture, and large woody debris 
were included in multiple regression models.  Vegetation stabilizes banks primarily 
through the development of a dense matrix of roots that holds soils and reduces their 
susceptibility to erosion.  Vegetation naturally armors the stream bank and acts to 
physically prevent or reduce bank erosion (Zaimes et al. 2004).  Riparian forest buffers 
also reduce sediment import from row crop fields by up to 90% (Lee at al., 2000; 2003).  
The absence of riparian vegetation exposes the channel to direct sunlight and elevates 
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daytime temperatures (Wang et al. 2003).  Native species richness and sensitive species 
richness were both positively correlated with canopy cover in our study.   
Large woody debris serves as cover for fish, collectors of particulate organic 
matter, colonization sites for macroinvertebrates (Angermeier and Karr 1984), and can 
help to trap sediment and develop channel morphology and diversity (Gurnell et al. 2002; 
Wallerstein and Thorne 2004).  Medium diameter long pieces of woody debris that are 
above bankfull height were positively correlated with the number of sucker species and 
the percentage of lithophilous spawners, and negatively correlated with the percent 
contribution of the top three most abundant species.  This could be explained several 
ways.  For example, intact riparian areas have higher woody debris input and fish may be 
responding to the collective influence of an intact riparian zone.  Another potential 
explanation is that these pieces above the bankfull height could be acting to create high 
water cover for fish during periods of high flows.  Yet another possible explanation is 
that these cover objects are indicators of highly connected active channel and floodplain 
where high flows are sufficiently reduced in velocity to retain large pieces of woody 
debris (Gurnell et al. 2002).  All woody debris variables that were correlated with the 
ordinations and were significantly different between sites with poor and good or excellent 
FIBI scores had lower values at impaired sites.  Heitke et al. (2006) found no significant 
relationship between large woody debris and fish assemblages in Iowa streams, but our 
results corroborate other studies that suggest large woody debris is beneficial to fish in 
Midwestern streams (Stauffer et al. 2000; Talmage et al. 2002). 
Excessive fine substrates have been associated with reduced fish diversity in 
upper Midwestern streams (Waters 1995; Nerbonne and Vondracek 2001; Talmage 2002; 
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Diana 2006; Heitke et al. 2006) and have been shown specifically to reduce the 
abundance of benthic invertivores, herbivores, and simple lithophilous spawners 
(Berkman and Rabeni 1987).  The metrics from Karr’s original IBI that describe the 
number of benthic invertivore species, relative abundance of benthic invertivores, relative 
abundance of omnivores, and relative abundance of lithophilous spawners were included 
in the Iowa FIBI because of this relationship (Karr 1981, Wilton 2004).  In all of our 
models percent gravel or percent substrate greater than 16 mm was positively related, 
while percent sand and fines, or percent fines were negatively correlated with the FIBI 
metric.  Metrics that increase in response to disturbance showed the opposite relationship.  
Increased fines and sand reduce interstitial spaces, and substrate embeddeness was highly 
correlated with percent sand and fines in our study.  The loss of interstitial space reduces 
available habitat for macroinvertebrate colonization, which could result in reducing 
benthic invertivore abundance and richness while increasing relative abundance of 
omnivores (Berkman and Rabeni 1987).  Simple lithophilous spawners respond to the 
loss of appropriate spawning habitat, clean coarse gravel and cobble substrates, and 
decrease as sand and fine substrate increase (Berkman and Rabeni 1987). Percent sand 
and fines was the only variable to be included in the model predicting adjusted catch per 
unit effort, and the relationship was negative.  Fine sediments may be acting in multiple 
ways to affect the fish community, limiting interstitial space and altering the feeding and 
reproduction of specific guilds of fishes, and effecting a general loss of fish production 
by limiting algal and invertebrate production (Schlosser 1982).     
Fish cover describes elements of the stream that provide refuge from predators 
and high current velocity.  Cover also serves to retain particulate organic matter, provides 
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colonizing sites for macroinvertebrates, and increases channel stability and hydraulic 
roughness.  Two cover variables, percent occurrence of big cover (e.g., large woody 
debris, boulder, overhanging vegetation or anthropogenic sources) and areal proportion of 
reach of boulder cover, were included in models.  Heitke et al. (2006) showed a positive 
relationship between boulder and total cover abundance with FIBI score in Iowa streams.  
Wang et al. (1998) showed a positive relationship between percent instream cover and 
fish IBI in low-gradient Wisconsin streams. 
Although most of our results were consistent with conventional wisdom and 
previous findings, some of our results were contrary to expectations.  For example, the 
percentage of omnivores was positively related to maximum residual pool depth, relative 
bed stability and amount of rock cover.  If habitat stability, diversity of depth, and cover 
act to increase the diversity of feeding guilds as other studies suggest, we would have 
expected the increase of these variables to decrease the relative abundance of generalist 
feeders.  Percentage of top carnivores was negatively related to relative bed stability and 
positively related to the presence of row crops.  FIBI and percentage of top carnivores 
were negatively correlated in our data set.  The streams that had high proportion of top 
carnivores were generally dominated by channel catfish Ictalurus punctatus and had low 
FIBI scores.  The percentage of lithophilous spawners was negatively related to standard 
deviation of depth and bankfull width to depth ratio.  We would have expected the 
relative abundance of lithophilous spawners to increase with greater variation in depth 
and the bankfull width to depth ratio.  One possible reason for these contradictory 
findings is type I error - with many statistical tests the possibility of identifying a 
spurious relationship is increased.  Second, the assumption of independence is potentially 
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violated with many of the physical habitat variables because of the hierarchical nature of 
stream habitat and the inherent nesting of variables that implies.  Finally, it is also 
possible that the relationships are true and our expectations were erroneous, but further 
studies will be required to evaluate this possibility.     
Sites within the Mississippi River drainage were characterized as somewhat less 
impaired than sites within the Missouri River drainage.  There are two possible 
explanations for this difference.  First, streams in the Missouri River drainage could 
simply be more impaired than streams in the Mississippi River drainage.  Second, the 
FIBI as currently calibrated could fail to account for natural differences between the 
Mississippi and Missouri drainages.  We favor the first explanation, but acknowledge that 
some adjustment in how the FIBI is applied in the two major drainages might be 
desirable.  Percentage of coarse substrates, fish cover, bed stability, more complex 
channel morphology and woody debris all appear to be associated with sites in the 
Mississippi River drainage.  Sites in the Missouri drainage are associated with a high 
percentage of fine substrates, incised channels and proximity of row crop agriculture.  
We identified greater amounts of hard substrates in the northern than the southern regions 
and subregions, but only percentages of cobble and bedrock were significantly different 
between the Mississippi and Missouri river drainages.  This is likely a result of more 
recent glaciation of the northern half of the state and thinner deposits of loess soils than in 
southern Iowa (Menzel 1987).  Higher percentages of fine substrates in the Missouri river 
drainage are likely related to the highly erosive and friable nature of loess soils that 
dominate the ecoregions within the Missouri River drainage in Iowa.  Heitke et al. (2006) 
found only a few differences in physical habitat variables among the ecoregions of Iowa.  
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The only variables they identified as significantly different between ecoregions within the 
Mississippi and ecoregions within the Missouri River drainages were average depth 
coefficient of variation, percent open banks, and average bank slope.  Ecoregions in the 
Missouri river drainage were more likely to have open banks and higher bank slopes.  
Low sample size may have resulted in poor characterization and little statistical power in 
their analyses.  They did identify significant differences in land use patterns with 
ecoregions in the Missouri drainage with greater amounts of agriculture at a local buffer 
and a network buffer scale.  The combination of erodible loess soils, little coarse 
substrate and increased riparian agriculture interacts to increase erosion and impair fish 
assemblages in the Missouri drainage. 
The Missouri drainage has a less diverse fish assemblage than the Mississippi 
drainage and the FIBI corrected for that in calibrating the richness metrics (Wilton 2004).  
However, functional metrics such as percentage of lithophilous spawners may be 
inappropriate for the Missouri drainage.  Only two species of lithophilous spawner, 
shorthead redhorse Moxostoma macrolepidotum, and suckermouth minnow, commonly 
occur in the Missouri River drainage.  Metrics that account for functional groups 
normally identified with prairie stream systems, specifically minnows that release 
semiboyant eggs during high water (Hybognathus, Macrhybopsis, and some Notropis 
species; Dodds et al. 2004) may be more appropriate for use in the Missouri drainage.  
Differences observed in physical habitat and fish assemblages between the major river 
drainages are likely the result of both anthropogenic disturbance and natural 
physiographic variation and need further investigation.  Identification of additional least-
  
34
impacted reference sites in the Missouri River drainage is needed to establish more 
appropriate regional criteria for fish and physical habitat in that portion of Iowa. 
The collective evidence to date demonstrates strong, direct, mechanistic linkages 
between fish assemblages and physical habitat in wadeable streams.  The precise nature 
of these relationships varies with region and study methodology.  The degree of human 
alteration also clearly influences the nature and strength of these relationships, as our 
study and a previous study in Iowa streams illustrate (Heitke et al. 2006).  Another strong 
line of evidence from previous studies suggests that physical habitat integrates effects of 
larger scale phenomena (Hughes et al. 2006).  In this view, physical habitat is seen as one 
of the important links between fish assemblages and landscape-level factors such as 
geology and land cover.  Because of the pervasiveness of land cover alteration in Iowa 
(Natural Resources Conservation Service 2000) and the associated degradation of aquatic 
habitats (Heitke et al. 2006) it is especially important to fully document these linkages in 
Iowa streams.  In a companion article (Rowe et al. submitted) we explore relationships of 
landscape characteristics that influence fish assemblages through effects on physical 
habitat in wadeable Iowa streams. 
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TABLE 1.— Fish species collected from 93 second-fifth order wadeable Iowa streams.  
Species are listed in descending order of percent occurrence at sites.  
Species Common Name 
Species 
Code 
% 
Occurrence 
Total # 
Caught 
Semotilus atromaculatus Creek chub CKCB 86 3687 
Notropis dorsalis Bigmouth shiner BMSN 80 3492 
Notropis stramineus Sand shiner SNSN 77 4104 
Pimephales notatus Bluntnose minnow BNMW 66 4365 
Lepomis cyanellus Green sunfish GNSF 65 1520 
Etheostoma nigrum Johnny darter JYDR 61 1473 
Catostomus commersoni White sucker WTSK 59 2072 
Pimephales promelas Fathead minnow FHMW 53 1872 
Campostoma anomalum Central stoneroller CNSR 48 3033 
Lepomis macrochirus Bluegill BLGL 43 484 
Luxilus cornutus Common shiner CMSN 43 2916 
Cyprinus carpio Common carp CARP 38 224 
Noturus flavus Stonecat STCT 38 162 
Cyprinella lutrensis Red shiner RDSN 37 2087 
Phenacobius mirabilis Suckermouth minnow SMMW 34 344 
Rhinichthys atratulus Blacknose dace BNDC 32 1937 
Cyprinella spiloptera Spotfin shiner SFSN 30 2015 
Ictalurus punctatus Channel catfish CNCF 28 779 
Micropterus salmoides Largemouth bass LMBS 27 190 
Hybognathus hankinsoni Brassy minnow BSMW 26 812 
Moxostoma macrolepidotum Shorthead redhorse SHRH 26 206 
Carpiodes cyprinus Quillback carpsucker QLBK 24 185 
Nocomis biguttatus Hornyhead chub HHCB 23 721 
Hypentelium nigricans Northern hog sucker NHSK 23 368 
Ameiurus melas Black bullhead BKBH 22 47 
Ameiurus natalis Yellow bullhead YLBH 22 94 
Etheostoma flabellare Fantail darter FTDR 20 716 
Carpiodes carpio River carpsucker RVCS 20 206 
Moxostoma erythrurum Golden redhorse GDRH 19 550 
Lepomis humilis Orangespotted sunfish OSSF 16 132 
Percina maculata Blackside darter BSDR 15 42 
Micropterus dolomieu Smallmouth bass SMBS 14 179 
Phoxinus erythrogaster Southern redbelly dace SRBD 13 341 
Dorosoma cepedianum Gizzard shad GZSD 12 1056 
Percina phoxocephala Slenderhead darter SHDR 10 109 
Pimephales vigilax Bullhead minnow BHMW 9 52 
Etheostoma zonale Banded darter BDDR 8 254 
Poxomis nigromaculatus Black crappie BKCP 8 18 
Culaea inconstans Brook stickleback BKSB 8 48 
Pylodictis olivaris Flathead catfish FHCF 8 39 
Carpiodes velifer Highfin carpsucker HFCS 8 34 
Notropis rubellus Rosyface shiner RYSN 8 59 
Lampetra appendix American brook 
lamprey 
ABLP 7 37 
Notropis atherinoides Emerald shiner ERSN 7 115 
Apodinotus grunniens Freshwater drum FWDM 7 20 
Esox lucius Northern pike NTPK 7 11 
Platygobio gracilis Flathead chub FHCB 5 29 
Hiodon alosoides Goldeye GDEY 4 4 
Lepisosteus platostomus Shortnose gar SNGR 4 16 
Poxomis annularis White crappie WTCP 4 8 
Ictiobus cyprinellus Bigmouth buffalo BMBF 3 11 
Etheostoma asprigene Mud darter MDDR 3 13 
Etheostoma caeruleum Rainbow darter RBDR 3 50 
Ambloplites rupestris Northern rock bass RKBS 3 25 
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TABLE 1.—continued. 
Species Common Name 
Species 
Code 
% 
Occurrence 
Total # 
Caught 
Noturus exilis Slender madtom SDMT 3 27 
Noturus gyrinus Tadpole madtom TPMT 3 13 
Stizostedion vitreum Walleye WLYE 3 5 
Morone chrysops White bass WTBS 3 8 
Moxostoma duquesnei Black redhorse BKRH 2 91 
Fundulus notatus Blackstripe topminnow BTTM 2 5 
Notemigonus crysoleucas Golden shiner GDSN 2 7 
Etheostoma exile Iowa darter IODR 2 7 
Rhinichthys cataractae Longnose dace LNDC 2 18 
Campostoma oligolepis Largescale stoneroller LSSR 2 26 
Hybognathus placitus Plains minnow PNMW 2 4 
Macrhybopsis storeriana Silver chub SVCB 2 21 
Hybognathus nuchalis Mississippi silvery 
minnow 
SVMW 2 64 
Labidesthes sicculus Brook silverside BKSS 1 1 
Salmo trutta Brown trout BNTT 1 1 
Umbra limi Central mudminnow CMMW 1 5 
Noturus nocturnus Freckled madtom FKMT 1 1 
Carassius auratus Goldfish GDFH 1 1 
Esox americanus Grass pickerel GSPK 1 4 
Erimystax x-punctatus Gravel chub GVCB 1 17 
Percina caprodes Northern logperch LGPH 1 2 
Etheostoma spectabile Orangethroat darter OTDR 1 25 
Lepomis gibbosus Pumpkinseed PNSD 1 2 
Lythrurus umbratilis Redfin shiner RFSN 1 1 
Stizostedion canadense Sauger SGER 1 1 
Ictiobus bubalus Smallmouth buffalo SMBF 1 11 
Moxostoma anisurum Silver redhorse SVRH 1 3 
Lepomis gulosus Warmouth WRMH 1 3 
 
  
46
TABLE 2.—The 30 physical habitat variables significantly correlated with at least one 
ordination and significantly different between sites with good or excellent (>50) and poor 
(<25) FIBI scores. 
Variable Description mean SD 
FIBI 
>50 
mean 
FIBI 
<25 
mean 
Channel Morphology 
PCTUSED % of pool head length with sediment 92.37 16.86 80.55 97.08 
SDDEPTH standard deviation of thalweg depth (cm) 16.78 9.86 19.25 13.56 
XWD_RAT Mean width/depth ratio  26.02 19.13 32.23 20.78 
PCT_GL % glide  70.25 25.54 59.44 75.29 
PCT_RI % riffle  8.06 9.87 15.75 8.18 
Channel Cross Section and Bank Morphology 
XBKA Mean bank angle (degrees) 38.04 10.74 31.54 40.72 
SDBKF_W Standard deviation of bankfull width (m) 2.39 2.04 3.27 1.46 
XINC_H Mean height of channel incision (m) 3.11 1.66 2.21 3.80 
BFWD_RAT Mean bankfull width/depth ratio  9.81 4.86 12.39 7.80 
Fish Cover 
XFC_RCK Boulder (areal proportion of reach) 0.02 0.05 0.07 0.01 
PFC_BIG LWD, RCK, UCB or HUM Fish cover present (% reach) 0.59 0.27 0.70 0.51 
XFC_NAT All natural types (areal proportion of reach) 0.19 0.13 0.24 0.15 
XFC_BIG LWD, RCK, UCB or HUM (Areal proportion of reach) 0.07 0.06 0.12 0.04 
Human Disturbance 
W1H_CROP Row crop (proximity-weighted presence) 0.46 0.32 0.30 0.59 
Large Woody Debris 
C2DM100 LWD above bankfull channel (#/100 m-S,M,L,X) 0.44 1.04 0.48 0.21 
C1TM100 LWD in/above bankfull channel (#/100 m-all sizes) 9.36 12.04 15.40 7.43 
V1TM100 LWD volume in/above bankfull channel (#/100 m-all sizes) 4.13 5.70 5.63 2.60 
RCHDMDLL Number of medium diameter long length pieces above the bankfull channel  0.08 0.27 0.21 0.00 
Relative Bed Stability 
LRBS_BW6 Log10 [mean observed substrate diameter/estimated substrate critical diameter at bankfull flow] -1.71 0.61 -1.29 -1.79 
Residual Pool 
RPGT50 Residual pools >50 cm deep (number) 1.35 1.36 1.86 0.83 
RPMXDEP Maximum residual depth (cm) 69.84 44.97 75.49 56.52 
RPXWID Mean residual width of reach (m) 3.05 2.18 3.93 1.93 
RPV100R Residual pool volume (m3/100 m) 39.03 50.42 44.92 18.45 
Riparian Vegetation 
XMH Riparian mid-layer herbaceous cover  0.33 0.22 0.24 0.41 
XC Riparian vegetation canopy cover 0.26 0.27 0.37 0.21 
Substrate 
LSUB_D84 Log10 84th percentile substrate diameter (mm) 0.51 1.41 1.41 0.40 
PCT_FN % Fines -- silt/clay/muck  39.63 23.21 27.85 46.21 
PCT_GF % Fine gravel -- 2-16 mm  8.61 8.11 14.90 6.47 
PCT_SAFN % Sand & fines -- <2 mm  78.65 14.63 60.57 81.98 
PCT_BIGR % Substrate >16 mm  8.95 10.78 22.27 4.47 
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TABLE 3.—Models of fish assemblage metrics and FIBI based on physical habitat 
variables in wadeable Iowa streams.  Models were created with stepwise multiple 
regression.  Physical habitat variables are described in Table 2.  RMSE is residual mean 
squared error.   
Model 
Metric r2 RMSE Variable selected Coefficient p 
# Native Spp 0.59 4.48 RPXWID 1.735 <0.0001 
   PCT_GF 0.248 <0.0001 
   PFC_BIG 4.155 0.0222 
   XC 4.483 0.0492 
# Sucker Spp 0.56 1.38 RPXWID 0.503 <0.0001 
   PCT_GF 0.061 0.0010 
   PCT_BIGR 0.039 0.0049 
   RCHDMDLL 1.530 0.0083 
# Sensitive Spp 0.41 1.94 PCT_BIGR 0.071 0.0003 
   RPXWID 0.248 0.0385 
   PCT_GF 0.102 0.0002 
   XC 2.281 0.0216 
# Benthic Invertivore Spp 0.59 1.38 RPXWID 0.809 <0.0001 
   PCT_SAFN -0.051 0.0002 
   PFC_BIG 1.582 0.0326 
% Top 3 Abundant Spp 0.31 13.26 PCT_FN 0.243 0.0002 
   PCT_BIGR -0.376 0.0054 
   RCHDMDLL -13.061 0.0158 
% Benthic Invertivore 0.19 10.96 PCT_BIGR 0.491 <0.0001 
% Omnivore 0.30 15.74 PCT_GF -0.860 0.0002 
   RPMXDEP 0.245 0.0002 
   LRBS_BW6 8.742 0.0041 
   RPV100R -0.159 0.0069 
   PCT_BIGR -0.466 0.0089 
   XFC_RCK 73.565 0.0468 
% Top Carnivore 0.38 5.79 XWD_RAT 0.131 0.0038 
   LRBS_BW6 -3.690 0.0004 
   W1H_CROP 6.118 0.0029 
   SDBKF_W 0.846 0.0255 
% Simple Lithophilous 0.52 4.618 RPXWID 2.855 <0.0001 
   XFC_RCK 31.977 0.0031 
   RCHDMDLL 5.249 0.0073 
   PCT_SAFN -0.102 0.0064 
   SDDEPTH -0.265 0.0007 
   BFWD_RAT -0.518 0.0082 
Tolerance Index 0.33 1.163 PCT_BIGR -0.049 <0.0001 
   RPXWID -0.166 0.0041 
   PCT_GF -0.041 0.0078 
Adjusted CPUE 0.13 35.10 PCT_SAFN -0.908 0.0005 
FIBI 0.52 13.45 PCT_BIGR 0.825 <0.0001 
   RPXWID 2.773 <0.0001 
   PCT_GF 0.482 0.0093 
   XINC_H -2.204 0.0156 
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FIGURE 1.—Locations of the 93 sites sampled and analyzed for fish assemblage and 
physical habitat in wadeable Iowa streams.  Ecoregions and subregions of Iowa: 40-
Central Irregular Plains, 47-Western Corn Belt Plains (47a-Northern Iowa Loess Prairies, 
47b-Des Moines Lobe, 47c-Iowan Surface, 47d-Missouri Alluvial Plain, 47e-Loess Hills 
and Rolling Prairies, 47f-Southern Iowa Rolling Loess Prairies ,47m-Loess Hills), 52-
Paleozoic Plateau, and 72-Interior River Lowland.  Shaded area indicates land in the 
Missouri River drainage, un-shaded land drains to the Mississippi River. 
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FIGURE 2.—NMDS ordination of 93 sites on wadeable Iowa streams.  Ordination based 
on fish species abundance.  Sites are represented by ecoregion or sub-region symbols as 
follows: 40-Central Irregular Plains (solid square), 47a-Northern Iowa Loess Prairies 
(inverted open triangle), 47b-Des Moines Lobe(open triangle), 47c-Iowan Surface (open 
diamond), 47d-Missouri Alluvial Plain (open square), 47e-Loess Hills and Rolling 
Prairies (square with x), 47f-Southern Iowa Rolling Loess Prairies (crossed diamond), 
47m-Loess Hills (open circles), 52-Paleozoic Plateau (solid triangle), and 72-Interior 
River Lowland (solid circle).  Polygon hulls outline sites within the Mississippi River 
(dashed polygon) or Missouri River (solid polygon) drainages.   
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FIGURE 3.—NMDS ordination of 93 sites and relationships with FIBI and stream order on 
wadeable Iowa streams.  Ordination based on fish species abundance.  Solid triangles are 
sites located in the Missouri River drainage, and inverted open triangles are sites located 
in the Mississippi River drainage.  The ordination is fitted with two flexible surfaces, the 
top shows a gradient describing FIBI score (r2=0.43), and the bottom shows a gradient 
describing Strahler stream order (r2=0.39). 
FIBI Score 
Stream Order 
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FIGURE 4.—NMDS ordination of 93 sites on wadeable Iowa streams and centers of 
species distributions.  Ordination based on fish species abundance.  Solid triangles are 
sites located in the Missouri River drainage, and inverted open triangles are sites located 
in the Mississippi River drainage.  The four letter species codes (Table 1) are plotted as a 
weighted average of species abundance by site.  Some species locations were adjusted 
slightly for clarity.     
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FIGURE 5.—Mean percent substrate composition by regions at 93 sites on wadeable Iowa 
streams.  Subregion 47d was omitted because it contained only one site.
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FIGURE 6.—NMDS ordination of 93 sites on wadeable Iowa streams and relationships 
with physical habitat variables.  Ordination based on fish species abundance.  Solid 
triangles are sites located in the Missouri River drainage, and inverted open triangles are 
sites located in the Mississippi River drainage.  Physical habitat variables that were 
selected as good predictors of FIBI metrics are plotted as vectors.  Vector arrow indicates 
the direction of most rapid change and length of arrow is proportional to the correlation 
with the ordination.  Physical habitat variable names and descriptions are in Table 2.     
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CHAPTER 3.  PHYSICAL HABITAT AND FISH ASSEMBLAGE 
RELATIONSHIPS WITH LANDSCAPE VARIABLES AT 
MULTIPLE SPATIAL SCALES IN WADEABLE IOWA STREAMS 
A paper to be submitted to Transactions of the American Fishery Society 
David C. Rowe, Clay L. Pierce, Thomas F. Wilton 
Abstract 
Physical habitat is a key component of stream ecosystems and plays a major role 
in determining biotic assemblages and stream integrity.  There is increasing recognition 
of the role landscape-level factors play in determining biotic assemblages and stream 
integrity.  Landscapes in Iowa and other Midwestern states have been profoundly altered 
by conversion of native prairies to agriculture.  We analyzed fish, physical habitat and 
landscape characteristics at multiple spatial scales from 93 randomly selected sites on 
wadeable Iowa streams to explore relationships between fish assemblage, reach scale 
physical habitat and landscape characteristics.  Non-metric multidimensional scaling 
ordination and stepwise multiple regression were used to explore, identify and quantify 
relationships.  Ordination of sites by physical habitat showed significant gradients of 
channel shape and habitat complexity, substrate composition and stream size.  Land cover 
variables were strongly correlated with channel shape and habitat complexity, and 
catchment land area and gradient were correlated with stream size.  Fish assemblage was 
associated with gradients of land cover and stream size.  We describe a spatial gradient of 
stream impairment from northeastern Iowa to southwestern Iowa as the interaction of an 
East-West gradient of increasing row crop land cover in local riparian buffers and a 
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North-South gradient of coarse substrate availability.  Our results support hierarchical 
stream system theory and support the view that landscape-level factors strongly influence 
mainly physical habitat characteristics in streams, and that in turn these physical habitat 
characteristics strongly influence stream fish assemblages.  We discuss these findings and 
recommend scale appropriate management strategies to protect and improve streams in 
Iowa’s agriculturally dominated landscape. 
 
Introduction 
Physical habitat is a key component of stream ecosystems and plays a major role 
in determining biotic assemblages and integrity (Hughes et al. 2006).  Physical habitat 
characteristics such as current velocity (Poff and Allan 1995), water temperature (Wang 
et al. 2003), coarse particulate organic matter and woody debris (Gregory et al. 1991), 
depth and cover, and appropriate substrates for spawning (Berkman and Rabeni 1987) all 
have been shown to influence biotic assemblages.  Diverse habitats have been shown to 
support more abundant and diverse assemblages of organisms (Gorman and Karr 1978; 
Beisel et al. 1998).  Physical habitat has been shown to influence fish (Gorman and Karr 
1978; Schlosser 1982; Rowe et al. submitted) macroinvertebrate (MacFarlane 1983; 
Richards et al. 1996; Maul et al. 2004) and aquatic macrophyte assemblage composition 
(Gurnell et al. 2006).  Alteration of physical habitat can lead to brief or long lasting 
changes in the composition of stream communities depending on the severity of the 
disturbance (Reice et al. 1990).   
There is increasing recognition of the role landscape-level factors play in 
determining biotic assemblages and integrity of streams (Hughes et al. 2006).  
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Agricultural land use has been associated with reduced biotic integrity at the catchment 
scale (Roth et al. 1996; Allan et al. 1997; Wang et al. 1997) and at local riparian scales 
(Lammert and Allan 1999; Stauffer et al. 2000, Heitke et al. 2006), while forest and 
wetland land cover have been associated with streams with higher biotic integrity (Roth 
et al. 1996; Wang et al. 1997, Stauffer et al. 2000; Diana et al. 2006).  Urban land cover 
and impervious surfaces have been shown to reduce abundance and diversity of fish and 
benthic macroinvertebrates and reduce biotic integrity (Wang et al 2001; Wang and 
Kanehl 2003).  There is uncertainty regarding the relative influence of factors on stream 
biota at different spatial scales.  Stream systems are spatially nested hierarchies of 
catchments, segments, reaches, macrohabitats, and microhabitats (Frissell et al. 1986).  
The features of larger scales constrain conditions at smaller scales, regulating local 
conditions through processes at multiple spatial scales and ultimately influencing stream 
biota.  This view of control in stream systems implies that effects of landscape level 
factors on biotic assemblages are primarily indirect, operating via direct effects on 
physical habitat, which in turn affect biota directly.         
Landscapes in Iowa and other Midwestern states have been profoundly altered by 
conversion of native prairies to agriculture (Whitney 1994).  Beginning in the 1800s, as 
American expansion pushed west the vast prairies and wetlands of the eastern plains were 
converted to the Corn Belt by plowing the prairie, draining water from wetlands, and 
cutting down riparian forests.  From 1830 to 1900 Iowa lost 30 million acres of tallgrass 
prairie at an average rate of 4 million acres per year leaving less than 0.02% of the 
original tallgrass prairie (Smith 1981).  Wetlands declined similarly once drainage 
districts were created for the purpose of swamp reclamation in the late nineteenth century 
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(Bogue 1994).  Extensive networks of subsurface drainage tile and ditches were dug and 
connected to stream channels which were straightened and channelized to increase the 
rate water drained from the land.  Once estimated to cover over 6 million acres of Iowa’s 
landscape, wetland and wet prairie now cover less than 27,000 acres, less than one half of 
one percent of the original area (Bishop 1981).  Forests covered 19% of the Iowa at the 
time of settlement, and now less than 4% of the state is forested (Thomson and Hertel 
1981).  In Iowa, 82% of the land area is currently used for agriculture (Natural Resources 
Conservation Service 2000).      
 Stressor indicators quantify processes that cause changes in stream habitat or 
chemistry and thus biology.  These can be natural processes or more often changes from 
human disturbances.  Often stressor indicators are surrogates for phenomena that are hard 
to measure or quantify.  Connected impervious surfaces (Wang et al. 2001), land cover 
(Allan, et al. 1997, Lammert and Allan 1999), and channelization age (Wang et al. 1998) 
are all examples of stressor indicators that have been used in previous stream 
assessments.  Because stressors represent changes in processes, spatial scale is important 
when considering their effects on stream ecosystems.  Stressors acting at large spatial 
scales impact all smaller scales.  There is uncertainty at which scale land cover has 
greater influence on stream biota.  Some studies have demonstrated that land cover has 
stronger effects on fish assemblages at a catchment scale (Roth et al. 1996, Wang et 
al.1997), while other studies have demonstrated a greater influence at local riparian or 
reach scales (Lammert and Allan 1999, Wang et. al 2003).  Richards et al. (1996) found 
that different variables were more strongly influenced at different scales.  It is important 
to understand at which spatial scale land cover and catchment characteristics influence 
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stream biota and habitat in Iowa’s streams and rivers, so that conservation or restoration 
activities can target the appropriate scales at which stressors are acting. 
The overall goal of this study was to explore physical habitat and fish assemblage 
relationships with landscape-level characteristics at multiple spatial scales in wadeable 
Iowa streams.  This study builds on a companion study (Rowe et al. submitted) which 
describes the fish assemblages and relationships with physical habitat in detail.  Our 
specific objectives were to: (1) quantify and characterize landscape variables at multiple 
spatial scales for the same stream reaches sampled for fish assemblages and reach scale 
physical habitat in Rowe et al. (submitted), (2) identify landscape variables significantly 
associated with physical habitat characteristics, (3) identify landscape variables 
significantly associated with fish assemblage characteristics, (4) evaluate the effects of 
spatial scale on landscape relationships, and (5) to weigh the evidence for direct versus 
indirect effects of landscape and physical habitat on fish assemblages.  Our study was 
part of two nationwide U.S. Environmental Protection Agency (USEPA) programs, the 
Environmental Monitoring and Assessment Program (EMAP) and the Wadeable Streams 
Assessment (WSA) program. 
 
Methods 
Site selection.—Stream locations were selected by the USEPA Office of Research and 
Development using the systematic stratified random selection procedure developed for 
the EMAP and WSA programs (Stevens and Olsen 1999).  Locations on all streams 
greater than first order, excluding the Mississippi and Missouri Rivers, were eligible for 
selection.  If at the time of sampling greater than 60% of a selected location was judged 
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to be non-wadeable, it was excluded.  Coldwater streams and those suspected to be 
severely polluted were sampled but excluded from this analysis.  The 93 sites sampled 
and retained for analysis represented all four ecoregions and the seven subregions within 
the Western Corn Belt Plains ecoregion of Iowa (Appendix A).  See Rowe et al. 
(submitted) for more site selection details. 
 
Fish Assemblages and Physical Habitat.—Fish assemblages were sampled using single 
pass upstream electrofishing (Simonson and Lyons 1995, Yoder and Smith 1999).  
Reaches were isolated with block nets to prevent escape.  An effort was made to sample 
all accessible habitats in the reach and collect all stunned fish.  All fish collected were 
identified to species, counted, examined for external physical abnormalities, and returned 
to the stream.  Fish assemblage metrics and a Fish Index of Biotic Integrity (FIBI) score 
were generated according to Wilton (2004). A more detailed description of fish sampling 
is given in Rowe et al. (submitted). 
 Physical habitat was sampled following the USEPA EMAP Wadeable Streams 
Physical Habitat protocol (Kaufmann et al. 1999).  Reaches 40 times the mean stream 
width were sampled with 11 cross sectional transects evenly spaced along each reach.  
Variables were quantified by measurement or observation in eleven categories, including 
channel morphology, channel cross section and bank morphology, cover for fish, 
proximity of human disturbance, large woody debris, relative bed stability, residual 
pools, riparian vegetation, sinuosity and slope, stream discharge, and substrate (Appendix 
C).  A thorough description of habitat sampling and physical habitat variables is given in 
Rowe et al. (submitted) and Appendix C. 
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Landscape variables.—Variables describing catchment and riparian characteristics were 
quantified at four spatial scales using Analytical Tools Interface for Landscape 
Assessments (ATtILA), an extension for ArcView developed by USEPA (2004).  
Catchments were delineated such that the center of the reach sampled for fish and 
physical habitat was the bottom of the catchment.  Data layers used by ATtILA included 
2002 land cover, elevation, slope, stream network, roads, and population density (2000 
and 1990 census data).  The land cover data layer had 16 classes of land cover, including: 
water, wetland, wet forest, coniferous forest, deciduous forest, ungrazed grasslands, 
grazed grasslands, conservation reserve program lands, alfalfa and lush grass, corn, 
soybeans, other agriculture, roads, commercial/industrial, residential, and barren.  
Impervious surface was estimated using the approach described by Caraco et al. (1998).  
Assuming that 90% of commercial and industrial land use, 60% of residential land use, 
2% of natural vegetated land cover, and none of the remaining land cover classes are 
impervious, we calculated the percentage of impervious surface as the sum of land cover 
classes multiplied by their impervious surface proportions. 
Land cover classes were then simplified to the following six categories: wetland, 
forest, natural grassland, pasture, row crop, and urban.  Three composite variables were 
also created by summing land cover types together.  Total agriculture was defined as the 
sum of row crop and pasture, human land use was defined as the sum of total agriculture 
and urban, and total natural land cover was defined as the sum of wetland, forest and 
natural grassland.  Artificially drained agricultural land was estimated using the Iowa Soil 
Properties And Interpretation Database and 2002 land cover.  Land with slope less than 
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2%, drainage classified as poor to very poor, soils with slow infiltration rates, and in row 
crop cultivation was considered to be artificially drained (Jaynes et al. 2006).  Stream and 
road densities were calculated as length to area ratios.  Population density was 
apportioned by area-weighting from census units, for example if 30% of a census unit 
was in a catchment then 30% of the population of that census unit is assigned to the 
catchment.   
Variables were quantified at four different spatial scales extending upstream from 
the center of the reach sampled for fish and physical habitat variables.  The four scales 
include: catchment, riparian buffer, local catchment, and local riparian buffer.  The 
catchment scale included the entire upstream catchment.  The riparian buffer scale 
consisted of the area extending out 30 m on each side of the upstream channel network.  
The local catchment scale consisted of the portion of the upstream catchment within 1 km 
of the center of the sampled reach.  The local riparian buffer scale was the portion of the 
riparian buffer within 1 km of the center of the sampled reach.    
 Sinuosity was quantified at three scales: catchment, local, and segment.  Sinuosity 
is the ratio of the curvilinear distance of the stream channel to the straight line distance.    
Sinuosity was calculated for each stream segment, which was defined as a length of 
stream extending from a downstream confluence to the next upstream confluence.  
Catchment sinuosity was calculated as the average of all segments in the catchment, 
weighted by segment length.  Local sinuosity was calculated as the average of all 
upstream segments within 1 km of the center of the reach, weighted by segment length.  
Segments that had sinuosity values of less than 1.5 were considered non-meandering 
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(Rosgen 1994).  The proportion of non meandering segments was also quantified at the 
catchment and local scale for each site.   
 
Data Analysis.—A non-metric multidimensional scaling (NMDS) ordination was created 
from the 30 physical habitat variables identified in Rowe et al. (submitted) as 
significantly correlated with an ordination of fish species abundance and significantly 
different between sites with poor and good or excellent FIBI scores.  Canberra similarity 
coefficients were generated between all sites from the physical habitat variables.  
Canberra similarity coefficients weight all variables equally regardless of the magnitude 
of numeric values.  The ordination was generated from the matrix of pair-wise Canberra 
similarity coefficients between sites. 
All landscape variables were fit to the ordination as vectors.  Vectors indicate the 
direction of most rapid change, which can be interpreted as the direction of an 
environmental gradient.  The length of the vector is proportional to the strength of the 
correlation between the ordination and the landscape variable.  This can be interpreted as 
the strength of the environmental gradient.  Tests for significance of these correlations 
were run using Monte Carlo permutation tests.  The squared correlation coefficient was 
considered significant if it was greater than the 95th percentile of 1000 randomly 
permuted correlations.  Variables that were significantly correlated with the ordination 
were retained.  The NMDS ordination was generated using metaMDS function and 
permutation tests were performed using the envfit function in the VEGAN package 
(Oksanen et al. 2007) for R (R Development Core Team 2006). 
  
63
Landscape variables that were significantly correlated with the ordination were 
then assessed for redundancy within each spatial scale.  Pearson correlation matrices 
were created for landscape variables at each of the spatial scales and only one variable 
was retained from groups of highly correlated (r >.75) variables. 
Stepwise multiple linear regressions were used to identify landscape predictors of 
the 18 physical habitat variables shown to be predictors of FIBI and the FIBI component 
metrics in Rowe et al. (submitted).  Landscape predictors were evaluated from the set of 
variables retained above.  The significance level was set at p ≤ 0.05.  Models were 
checked for overly influential observations and residual plots were examined to evaluate 
assumptions of linearity and equal variance.  Log transformations were performed on 
heteroscedastic dependent variables.  Correlation matrices and stepwise multiple 
regressions were analyzed using SAS 9.1 (SAS Institute 1996). 
 All landscape variables were fit as vectors to the NMDS ordination of fish species 
abundance that was generated in Rowe et al. (submitted; Figure 2).  This was performed 
to identify landscape variables that were related to fish assemblages but not significantly 
related to physical habitat.  Monte Carlo permutation tests identified landscape variables 
significantly related to the patterns of fish species abundance similarity.  Only one 
variable was retained from groups of redundant variables.     
We attempted to improve the models generated in Rowe et al. (submitted) of fish 
assemblage metrics and FIBI based on physical habitat variables, and account for 
unexplained variation by adding landscape variables significantly related to the 
ordination of fish assemblages.  Assuming that landscape factors affect fish assemblages 
mainly indirectly through direct effects on physical of habitat, addition of landscape 
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variables should not greatly improve the models.  However, if addition of landscape 
variables accounts for significant variation previously unexplained by physical habitat, 
then landscape effects may be at least partially independent of physical habitat effects.  
We ran stepwise multiple linear regressions, first forcing the model to include the 
physical habitat variables selected in Rowe et al. (submitted) and then selecting 
additional landscape variables that significantly explained additional variation in the 
NMDS of fish species abundance.  The significance level was set at p ≤ 0.05.   
   
Results 
Fish assemblages and reach scale physical habitat.—Fish assemblages were composed 
primarily of cyprinids, catostomids, percids, centrachids and ictalurids.  Cyprinids 
represented 75 percent of the fish captured.  The majority of species (94%) were tolerant 
or moderately tolerant of environmental disturbance.  Creek chub Semotilus 
atromaculatus, bigmouth shiner Notropis dorsalis, sand shiner Notropis stramineus, 
bluntnose minnow Pimephales notatus, green sunfish Lepomis cyanellus, johnny darter 
Etheostoma nigrum, white sucker Catostomus commersoni and fathead minnow 
Pimephales promelas, were present at over half the sites and comprised over 50% of the 
catch.  Sites were often dominated by a few of these species and the mean percentage of 
the top three most abundance species was 70.6, ranging from 35% to 100%.  The mean 
FIBI score was 34.5, ranging from 1 to 90.  Most sites were characterized as poor (32%) 
or fair (53%), with a few good (9%) and fewer excellent (6%).  A detailed description of 
fish assemblage characteristics is given in Rowe et al. (submitted).  
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     Most streams were low gradient and non-meandering with little riffle-pool 
structure.   Substrates were often dominated by sand and silt and banks were usually 
eroding.  Often the channels were actively incising and isolated from the flood plain.  
Some streams were beginning to deposit new bank material within an incised and 
widened channel.  Visual evidence of past channel alteration and straightening was 
common.  A variety of riparian conditions were observed, from well vegetated banks 
with intact forest or grass riparian zones to sites with active erosion, highly sloped banks, 
and little or no native vegetation between the stream channel and corn or soy bean fields.  
Thirty reach scale physical habitat variables from nine categories were significantly 
related to fish assemblage composition and significantly different between sites with 
impaired versus healthy fish assemblages (Rowe et al. submitted).  Eighteen of these 
variables were significant predictors of fish assemblage metrics and FIBI in stepwise 
multiple regressions (Rowe et al. submitted).  Rowe et al. (submitted) presents a detailed 
description and analysis of reach scale physical habitat variables and their relationships 
with fish assemblages in wadeable Iowa streams. 
The NMDS ordination of sites from 30 physical habitat variables was evaluated at 
two and three dimensions.  There was a sizeable improvement of stress values between 
ordinations with two to three dimensions from 20.2 to 14.7, so we used the three 
dimensional ordination.  The ordination did not differentiate sites by ecoregion or major 
river drainage (Figure 1).  Dimension 1 of the ordination represented a gradient of sites 
with high bank angles, fine substrate and close proximity of row crop agriculture to sites 
with complex channel and bank morphology, increased residual pool volumes, large 
woody debris and riparian vegetation canopy.  Dimension 1 was correlated with standard 
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deviation of depth (SDDEPTH 0.72), mean width to depth ratio (XWD_RAT 0.73), mean 
bank angle (XBKA -0.65), standard deviation of bankfull width (SDBKF_W 0.67), 
bankfull width to depth ratio (BFWD_RAT 0.72), proximity of row crop (W1H_CROP -
0.60), pieces of small, medium, large or extra large woody debris per 100 m above the 
bankfull channel (C2DM100 0.52),  pieces of all sizes of woody debris per 100 m 
(C1TM100 0.53), volume of woody debris per 100 m (V1TM100 0.59), number of 
residual pools greater than 50 cm deep (RPGT50 0.60), residual pool max depth 
(RPMXDEP 0.66), mean width at residual pool volume (RPXWID 0.86), residual pool 
volume per 100 m (RPV100R 0.76), riparian vegetation canopy cover (XC 0.75), and 
percent fines (PCT_FN -0.48).  Dimension 2 of the ordination represented a gradient of 
sand and fine substrates to coarse substrates and riffles.  Dimension 2 was correlated with 
percent riffle habitat (PCT_RI 0.60), areal proportion of large fish cover types (XFC_BIG 
0.47), percent fine gravel (PCT_GF 0.61), percent sand and fine substrates (PCT_SAFN -
0.75), and percent substrate greater than 16 mm in diameter (PCT_BIGR 0.63).  
Dimension 3 represented a gradient of sites with higher proportions of natural types of 
fish cover and fine substrates to sites with large amounts of glide habitat.  Dimension 3 
was correlated with percent glide habitat (PCT_GL -0.47), proportion of natural types of 
fish cover (XFC_NAT 0.55), and percent fines (PCT_FN 0.52)    
 
Landscape Variables.—We quantified 69 variables at five spatial scales; 23 at the 
catchment scale, 12 at the riparian buffer scale, 20 at a local catchment scale, 12 at the 
local riparian buffer scale, and 2 at the segment scale (Table 1).  Catchment land area 
varied in size from 5.2 km2 to 2,123 km2.  Catchment land cover was dominated by 
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agriculture (Table 1; Figure 2).  The mean percent total agriculture was 77%, ranging 
from 42% to 93% (Table 1).  Row crop agriculture averaged 71% at the catchment scale, 
ranging from 16% to 91%.  Catchments in the Western Cornbelt Plains ecoregion had 
significantly greater amounts (80% mean) of row crop agriculture than the other 
ecoregions (37% mean, Figure 2).  Catchments in the Mississippi River drainage 
averaged 68% row crop, 16% grasslands, 7% forest, and 6% pasture.  In comparison, 
catchments in the Missouri River drainage averaged 76% row crop, 15% grasslands, 2% 
forest, and 5% pasture.  Urban land cover was infrequent, averaging less than 1% and 
with a maximum of 6%.  Estimated percentage of impervious surface was also low with a 
mean of 1% and a maximum of 5% (Table 1). However, the mean percentage of 
catchment area estimated as artificially drained was 14% with a maximum of 62% (Table 
1).  Natural land cover was much less prevalent than human land cover at the catchment 
scale.  Natural grassland was the most common class of natural land cover at 15%, with 
forests (5%) less common and wetlands the least common (0.2%). 
At the riparian buffer scale, agricultural land cover was more common than 
natural land cover, but much less so than at the catchment scale (Table 1).  The mean 
total agriculture was 55% and the mean row crop was 46% at the riparian buffer scale.  
Row crop agriculture was reduced at this scale, thereby increasing the amount of pasture 
and all natural land cover types.  Natural land cover increased to 43%, grassland to 30%, 
forest 13%, and wetlands to 0.6%.  
At the local catchment scale the average amount of total agricultural land use 
(61.4%) and row crop agriculture (53.4%) were less than but more variable than at the 
catchment scale (Table 1).  As the amount of row crop agriculture was reduced, all other 
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land cover classes increased and also became more variable.  Mean total natural land 
cover was 35%, with 20% grassland, 14% forest and 0.7% wetland (Table 1). 
At the local riparian buffer scale, natural land cover was dominant with a mean of 
62%.  Total agriculture was reduced to a mean of 35%, row crop agriculture 25%, but the 
range of row crops varied from none to 87% (Table 1).  Local riparian buffers in the 
Mississippi River drainage had greater amounts of forest and wetland and less row crop 
than sites in the Missouri River drainage.  Local riparian buffers in the Mississippi River 
drainage averaged 40% forest, 25% grasslands, 18% row crop, 9% pasture and 4% 
wetland, while catchments in the Missouri River drainage averaged 36% row crop, 34% 
grasslands, 16% forest, 11% pasture and 1% wetland. There is a longitudinal gradient in 
the amount of row crop agriculture within the local riparian buffer, increasing from east 
to west (Figure 4).  Western subregions of the Western Cornbelt Plains had the highest 
percentages of row crop in the local riparian buffer (47a-39%, 47m-28%, and 47e-42%) 
and the eastern ecoregions (52-11%, 72-11%, and 40-12%) and the Iowan Surface 
subregion (47c-16%) had the lowest (Figure 4).  Forest was the most common natural 
land cover type with a mean of 30% and a maximum of 100%.  Percentages of grassland 
and wetlands were also greater than at the larger spatial scales.  Variation in land cover 
percentages increased compared to the local catchment scale (Table 1). 
Sinuosity values were low at all scales, indicating that most streams were non-
meandering (Table 1).  At the catchment scale, average sinuosity was 1.20, at the local 
scale the mean was slightly higher (1.35) and had greater variation with a maximum of 
4.8.  The average segment scale sinuosity was 1.29. 
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The majority of segment scale gradients were low with a mean of 1.6 m/km (0.16 
% slope) but exhibited a wide range between 0 and 7.19.  Only 13 out of 93 (14%) stream 
segments had a gradient greater than 3 m/km.              
 
Relationships of landscape variables with physical habitat.—We identified 44 landscape 
variables as significantly correlated with the NMDS ordination of 93 sites from physical 
habitat variables (Appendix F).   At all spatial scales, percent total natural land cover, 
forest, total human land cover, total agriculture, and row crop were strongly correlated (r 
> 0.75) and considered redundant.  The percentage of row crop agriculture was retained 
for further analysis at all spatial scales.  At the catchment scale pasture was removed 
because it was also correlated with row crop, total natural, total human, forest, and total 
agriculture.  Land area was correlated with stream length and road length; land area was 
retained.  Total agriculture on slopes greater than 9% was correlated with row crop on 
slopes greater than 9%; row crop on slopes greater than 9% was retained.  Weighted 
mean sinuosity was correlated with proportion of non-meandering segments; weighted 
mean sinuosity was retained.  At the local catchment scale total agriculture on slopes 
greater than 9% was correlated with row crop on slopes greater than 9%; row crop on 
slopes greater than 9% was retained.  Twenty-one landscape variables describing land 
cover, sinuosity, human disturbance, and gradient were retained for further analysis 
(Table 1). 
Fifteen stepwise multiple linear regression models were constructed to predict 
individual physical habitat variables (Table 2).  The variables selected as good predictors 
included 13 landscape variables representing all five spatial scales (Table 2).  No 
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satisfactory model was created to predict areal proportion of boulder cover, areal 
proportion of large types of fish cover, or pieces of medium diameter long length large 
woody debris above the bankfull channel. 
Standard deviation of depth was negatively correlated with local riparian buffer 
row crop (1K_RAGC30) and local riparian buffer natural grassland (1K_RNG30) and 
positively correlated with segment sinuosity (SEG_SIN).  Mean width to depth ratio was 
positively correlated with land area (LANDAREA) and local riparian buffer row crop and 
negatively correlated with catchment row crop (PAGC) and population density 
(POPDENS).  Standard deviation of bankfull width was positively correlated with land 
area and negatively correlated with local riparian buffer row crop.  Mean incised channel 
height was negatively correlated with weighted mean catchment sinuosity (SINU), 
population density, network riparian buffer row crop (RAGC30), and positively 
correlated with row crop on slopes greater than 9% (AGCSL9) and land area.  Bankfull 
width to depth ratio was positively correlated with land area and negatively correlated 
with local riparian buffer row crop.  Relative bed stability was positively correlated with 
catchment wetlands (PWETL).  The proximity of row crop agriculture was positively 
correlated with local catchment row crop (1K_PAGC) and local riparian buffer row crop, 
and negatively correlated with segment sinuosity.  The mean width at residual pool 
volume was positively correlated with land area, local riparian buffer wetland 
(1K_WETL30), and negatively correlated with population density, local riparian buffer 
natural grassland, and local riparian buffer row crop.  Residual pool volume per 100 m 
was positively correlated with land area, and local riparian buffer wetland, and negatively 
correlated local catchment row crop.  Residual pool maximum depth was negatively 
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correlated with local riparian buffer row crop and positively correlated with segment 
sinuosity.  Riparian vegetation canopy was negatively correlated with local riparian 
buffer row crop, segment gradient (GRADSEG), local catchment row crop, local riparian 
buffer natural grassland.  Percent fine substrate was negatively correlated with catchment 
wetland, local catchment row crop, and land area, and positively correlated with local 
riparian buffer row crop.  Percent fine gravel was positively correlated with weighted 
mean catchment sinuosity, local riparian buffer natural grass, catchment row crop, and 
negatively correlated with local riparian buffer row crop.  Percent sand and fine substrate 
was negatively correlated with segment gradient and segment sinuosity.  Percent 
substrate greater than 16 mm in diameter was positively correlated with segment 
gradient, segment sinuosity, and negatively correlated with local riparian buffer row crop.   
The thirteen landscape variables identified as predictors of physical habitat were 
plotted as vectors on the ordination of physical habitat variables (Figure 4).  Variables 
describing row crop agriculture at all scales, percentage of natural grassland at the local 
riparian buffer scale, and segment scale gradient were negatively associated with 
dimension 1, while variables describing wetlands, land area, and sinuosity were 
positively associated with dimension one.  Segment sinuosity, weighted mean sinuosity, 
segment gradient and catchment row crop were positively associated with dimension 2.  
Population density and segment gradient were positively associated with dimension 3.  
Land area, catchment wetland, and local wetland were negatively associated with 
dimension 3.              
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Relationships of landscape variables with fish assemblages.—The thirteen landscape 
variables identified as good predictors of physical habitat variables were plotted as 
vectors on the ordination of fish assemblages created in Rowe et al. (submitted; Figure 5).  
Catchment mean sinuosity and segment sinuosity were not significantly related to the 
ordination and were removed.  Several land cover variables were strongly associated with 
Dimension 2.   Percentages of wetland at the catchment and local riparian buffer scales 
were positively associated with Dimension 2 while row crop at all scales and natural 
grassland at the local riparian buffer scale were negatively associated with Dimension 2.  
Land area and gradient appear to be associated with the gradient of stream size identified 
in Rowe et al. (submitted; Figure 3).  Population density appears to be associated with the 
gradient of stream health identified in Rowe et al. (submitted; Figure 3). 
  The permutation tests of landscape variables fit with the fish assemblage NMDS 
ordination identified 46 variables as significantly correlated (Appendix F).  The same 
landscape variables earlier described as redundant were reduced to the same variable as 
before.  Additionally at the local riparian buffer scale, percent urban and percent 
impervious surface were well correlated and percent urban was retained. 
Seven of the stepwise regression models of fish assemblage metrics from Rowe et 
al. (submitted) were slightly improved by addition of one or two landscape variables 
(Table 3).  Models for number of native species, percentage of the three most abundant 
species, percent omnivores, adjusted catch per unit effort, and FIBI score were not 
significantly improved by addition of any landscape variables.  The models that did 
include landscape variables showed only slight improvements in coefficient of 
determination and residual mean squared error (Table 3).  
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Discussion 
Our results demonstrated strong relationships of physical habitat with landscape 
variables at several spatial scales.  We observed that the main source of variation in the 
physical habitat of Iowa wadeable streams can be attributed to a gradient of land cover.  
Sites with natural land cover at all spatial scales had more complex habitat with wider 
and more variable channel form, greater residual pool volumes, more large woody debris 
and more riparian vegetation canopy, while sites dominated by row crop land cover 
tended to have less complex habitat, highly sloped banks, and more fine substrates.  As 
Iowa’s land was converted from prairie, wetland, and forest to cultivated row crops, the 
residence time of water in the soil was decreased.  Water moved through uplands faster 
with no natural vegetation to absorb water or slow overland flow.  Residence time in the 
soil was reduced through artificial drainage to convert poorly draining soils to arable 
land.  Some areas of Iowa are estimated to have more than 60% of land area artificially 
drained (Jaynes et al. 2006).  Subsurface drainage can act to reduce peak flows by 
lowering the water table and creating greater space for water storage in clay soils with 
slow infiltration rates, but in loess and loamy soils there is evidence that peak flows are 
increased by subsurface drainage (Robinson and Rycroft 1999).  To increase drainage, 
stream channels were straightened thereby reducing sinuosity and increasing channel 
gradient, peak flow, and stream power (Campbell 1972; Robinson and Rycroft 1999).  In 
this study segment scale sinuosity was also positively related to channel and bank 
morphology, residual pool volumes, and bed stability.   An unmodified, sinuous reach of 
an otherwise straightened river has a strong damping effect on peak stream power 
because of the increase in hydraulic roughness (Campbell et al. 1972).  Riparian forest 
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and wetland vegetation can also increase hydraulic roughness and reduce stream power 
and current velocity when peak flows exceed the active channel and spill into the 
floodplain.  Conversion of natural land covers into row crop, artificial drainage, and 
channelization likely increased flow variability in Iowa streams.  In Michigan’s Lower 
Peninsula, stable flows have been associated with natural land covers while variable 
flows were associated with agricultural land cover (Diana et al. 2006).  Increased flow 
variability can cause increased stream power at peak flows, increasing sediment 
transport, and bank and bed erosion, whereas at base flow ability to transport sediment is 
decreased, and habitat volumes are reduced.  Many of the channel and channel cross 
section morphology variables are correlated with catchment size because they increase 
with the size of the stream, and stream size was correlated with catchment size.  Larger 
streams are associated with natural riparian zones.  Small streams are associated with row 
crops.  We attribute this to the tendency to farm up to the edge of a small stream that 
likely has been ditched and straightened.  Larger streams are less likely to have been 
channelized, and more likely to have wooded riparian buffers.  Large streams are more 
likely to have glide habitat and less riffle and pool.  Small streams with less stream power 
have more fine sediments and higher areal proportions of natural fish cover because 
similar sized cover elements on a small stream have proportionally greater area compared 
to the surface area of the stream.  We observed fine substrates associated with row crop 
agriculture at all scales, and negatively associated with natural land cover at all scales 
with the exception of local riparian buffer natural grassland.  Upland and bank erosion 
acts to increase the proportion of small sediments, burying coarse substrates (Waters 
1995).  Riparian vegetation can act to stabilize stream banks with root networks 
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preventing bank erosion (Zaimes et al. 2004).  Forested riparian buffers have been shown 
to be effective at reducing the velocity of overland flow and removing sediment that 
otherwise would be washed into the stream (Lee at al. 2003).  However, sand and fines 
are naturally the dominant substrates in the majority of Iowa with the exception of the 
Paleozoic Plateau where there are thinner soils and coarse geological parent material is 
more available.  Substrate diversity in Iowa streams is likely determined by the 
interaction of the availability of coarse sediments, riparian land cover, and the stream’s 
ability to transport sediment.  Streams in the northern part of the state have more coarse 
sediments available from glacial deposits than streams in southern Iowa and thin or no 
loess deposits (Menzel 1987).  Streams in the southern regions are more susceptible to 
bank and bed erosion because smaller substrates are more easily mobilized than larger 
substrates.  The east-west gradient of increasing row crop agriculture in the local riparian 
buffer also contributes by increasing sediment delivery from upland erosion and little to 
no native vegetation to prevent bank erosion.  Our results support the hypothesis of a 
northeast to southwest gradient of increasing fine sediment, and decreasing forested 
riparian land cover that has been proposed before (Heitke et al. 2006) based on previous 
observations (Menzel 1987; Paragamian 1990; Griffith et al. 1994, Wilton 2004).  Our 
results when incorporated into the current understanding of stream habitat shows strong 
evidence that stream habitats which are created and constrained by climate, 
geomorphology, hydrology and biogeography can be greatly altered due to human 
modification of the landscape at multiple spatial scales.   
Our results also demonstrated relationships of fish assemblages with landscape 
variables at several spatial scales.  We observed a gradient associated with fish 
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assemblage described by catchment land area.  Fish assemblages respond to a gradient of 
catchment size which influences stream size (Schlosser 1982; Lyons 1996).  Fish 
assemblages in small headwater streams tend to be small bodied generalist insectivores.  
As streams become larger and deep water habitat increases, species richness increases 
and larger bodied benthic invertivores and piscivores increase in relative abundance 
(Schlosser 1982).  Fish assemblage was also associated with a gradient of land cover.  
Impaired assemblages were associated with row crop agriculture while assemblages with 
higher FIBI scores were associated with forest, and wetland land cover.  Human 
conversion of natural land into agricultural production has been the primary source of 
impairment of aquatic system integrity in the Upper Midwest (Karr et al. 1985; Waters 
1995).  Agricultural land uses have been shown to impair fish assemblages at the 
catchment scale (Roth et al.1996; Allan et al. 1997; Wang et al. 1997; Walser and Bart 
1999), and at a local riparian buffer scale (Lammert and Allan 1999; Stauffer et al. 2000; 
Wang et al. 2003).  The collective evidence to date suggests stream fish assemblages are 
constrained by natural elements of the landscape, e.g. catchment size, but are strongly 
influenced by human land use that can disrupt natural functions within the landscape. 
Results of previous studies are contradictory regarding the relative importance of 
spatial scales on the effects of landscape and physical habitat variables on fish 
assemblages.  Studies in Michigan and Wisconsin have shown that catchment scale 
variables explain greater amounts of variation in stream biota than do local factors (Roth 
et al.1996; Allan et al. 1997; Wang 1997; Wang et al. 2003), but other studies have 
shown that local and riparian conditions were better at explaining variation in stream 
biota (Lammert and Allan 1999; Stauffer et al. 2000; Diana et al. 2006).  Recently Wang 
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et al. (2006) observed in largely undisturbed catchments local conditions explain the 
greatest amount of variation in stream biota, and in disturbed watersheds catchment scale 
factors will account for more variation in biotic condition.  Our results showed stronger 
relationships with physical habitat and local riparian variables with fish assemblages than 
with variables at larger spatial scales.  However, we agree with Stauffer et al. (2000) and 
Heitke et al. (2006) that although catchment effects are clearly important, because of the 
pervasiveness of agricultural land cover in Iowa and the resulting lack of a wide range of 
land cover present, catchment scale effects are difficult to demonstrate statistically in an 
observational study.  We are unable to conclude that one spatial scale has greater relative 
influence on fish assemblages, although we recognize that watershed scale processes may 
dominate local processes because of the hierarchical nature of lotic systems. 
In a companion article (Rowe et al. submitted) we speculated that landscape 
characteristics influence fish assemblages primarily through effects on physical habitat.  
This implies that physical habitat influences on fish assemblages are direct, whereas 
landscape affects on fish assemblages are primarily indirect, operating via intermediate, 
direct effects on physical habitat.  A corollary of this hypothesis is that statistical 
relationships between landscape characteristics and fish assemblages should be fewer and 
weaker than those between physical habitat characteristics and fish assemblages.  In 
comparison with the models based solely on physical habitat from Rowe et al. 
(submitted) we observed little or no improvement in model performance with the addition 
of landscape variables in predicting FIBI metrics, indicating that instream factors are 
likely accounting for the majority of the variation in stream fish assemblages.  Our results 
support the view that landscape-level factors strongly influence many physical habitat 
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characteristics in streams, and that in turn these physical habitat characteristics strongly 
influence fish assemblages.  This view does not imply that landscape factors are less 
important than physical habitat in determining fish assemblage characteristics.  On the 
contrary, because landscape characteristics are the ultimate drivers of this simple two-
step conceptual model, landscape-level factors clearly have profound effects on fish 
assemblages.  Rather than comparing the relative importance of landscape versus 
physical habitat effects, we view the utility of this conceptual model in furthering 
understanding of the precise nature of effects, and perhaps more importantly in predicting 
outcomes of remediation efforts. 
Successful restoration of Iowa’s wadeable streams and conservation their fish 
assemblages will require management actions that account for the hierarchical nature of 
stream ecosystems and focus on processes at the appropriate spatial scale (Rabeni and 
Sowa 1996).  Efforts at the catchment scale should focus on restoring natural 
hydrographs and reducing upland soil erosion.  Retaining water in the catchment to 
reduce peak flows and stream power would decrease the streams’ erosive potential, 
reduce hydrological variation, and increase base flows.  The Iowa Conservation Reserve 
Enhancement Program (CREP) is a state and federal initiative to create wetlands that are 
strategically located within catchments, and designed to remove sediments and dissolved 
nutrients from water drained from cropland.  These wetlands will also help retain water 
and reduce flow variability downstream.  Since complete restoration of original wetlands 
is unlikely, these targeted CREP wetlands could play an important role at restoring 
natural hydrology at the catchment scale.  Best management practices such as 
conservation tillage, contour farming and establishment of grass waterways can reduce 
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sources of upland sediments.  Efforts at the riparian and reach scale should focus on 
channel and bank stabilization, preventing upland sediments from entering the stream, 
and reconnecting the active channel with the floodplain.  The most cost effective bank 
stabilization can be to create riparian buffers by establishing native woody and grassland 
vegetation along the bank and in the adjacent riparian zone, and stream bank fencing to 
prevent constant grazing.  Substrate composition should be taken into account and in 
areas with little coarse substrate woody vegetation like willow Salix spp. can be 
successful at bank stabilization because of the high root density and deep root structure 
(Shields et al. 1995).  Riparian buffers are also effective at filtering and removing upland 
sediment and nutrients from runoff before they can enter the stream.  A much more costly 
option is to modify channel morphology and alignment with large mechanized equipment 
reestablishing sinuosity and sloping incised banks to allow the channel to overflow into a 
floodplain.  At the reach scale, channels can be stabilized with artificial rock weirs and 
localized bank armoring.  However if extremely high peak flows exist local habitat 
improvements are likely to fail from increased sediment transport undermining bank and 
channel structures.   
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TABLE 1.—Descriptions and summary statistics of landscape variables quantified for 93 
sites on wadeable Iowa streams.  Landscape variables significantly correlated with the 
NMDS ordination of 30 physical habitat variables and retained for stepwise multiple 
regression are indicated.   
Variable Description mean SD min max Retained 
Catchment Scale  
LANDAREA Catchment land area (km2) 331.1 469.9 5.2 2123.1 X 
N_INDEX % Natural land cover  20.6 13.7 6.2 56.1  
PFOR % Forest 4.7 8.3 0.1 40.3  
PWETL % Wetland 0.2 0.2 0.0 1.1 X 
PNG % Natural grassland 15.7 7.9 6.0 44.0  
U_INDEX % Human land cover 79.4 13.7 43.9 93.8  
PURB % Urban 0.9 0.9 0.1 6.3  
PAGT % Agriculture total 77.2 14.5 42.2 93.2  
PAGP % Pasture 5.9 6.9 0.3 26.5  
PAGC % Row crop 71.4 20.9 15.6 91.3 X 
AGTSL9 % Agriculture total on slope > 9% 54.6 22.0 0.0 100.0  
AGPSL9 % Pasture on slope > 9% 12.5 9.8 0.0 50.0 X 
AGCSL9 % Row crop on slope > 9% 42.1 27.3 0.0 100.0 X 
STRMLEN Length of stream network (km) 254.1 369.0 4.3 1911.8  
STRMDENS Stream density (km/km2) 0.8 0.2 0.3 1.2  
RDLEN Length of roads (km) 451.16 649.1 6.7 3045.7  
RDDENS Road density (km/km2) 1.3 0.2 1.0 2.4  
POPCHG Population change from 1990-2000 (%) 0.8 15.1 -48.3 58.6  
POPDENS 
Population density from 2000 census 
(#/km2) 71.2 124.7 3.6 843.5 X 
PCTIA_LC 
% Impervious surface estimated from 
land cover 1.1 0.8 0.2 5.0  
PTILE 
% Land with estimated artificial 
drainage 14.1 15.5 0.0 62.1  
SINU Average sinuosity of all segments 1.2 0.1 1.1 1.5 X 
PNMNDR Proportion of non meandering segments 0.9 0.1 0.5 1.0  
Riparian Buffer Scale  
RNAT30 % Natural land cover  43.1 14.4 7.6 78.7  
RFOR30 % Forest 12.8 16.6 0.0 72.0  
RWETL30 % Wetland 0.6 0.8 0.0 4.1 X 
RNG30 % Natural grassland 29.6 9.2 5.5 51.9  
RHUM30 % Human land cover 56.9 14.4 21.3 92.4  
RURB30 % Urban 0.9 0.8 0.0 5.4  
RAGT30 % Agriculture total 55.2 14.7 18.8 92.4  
RAGP30 % Pasture 9.4 7.5 0.0 39.1  
RAGC30 % Row crop 45.8 19.3 3.8 92.4 X 
RNS30 Length of road within buffer (km) 0.0 0.0 0.0 0.3  
STXRD Stream road crossing density (#/km) 0.6 0.1 0.2 1.1 X 
STXRD_CNT Number of stream road crossings 162.4 242.6 1.0 1271.0  
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TABLE 1.—continued. 
Variable Description mean SD min max Retained 
Local Catchment Scale  
1K_N_INDEX % Natural land cover  35.4 22.0 5.6 92.7  
1K_PFOR % Forest 14.2 17.9 0.0 71.0  
1K_PWETL % Wetland 0.7 1.3 0.0 9.8 X 
1K_PNG % Natural grassland 20.2 10.1 2.5 58.5  
1K_U_INDEX % Human land cover 64.6 22.0 7.3 94.4  
1K_PURB % Urban 1.7 3.5 0.0 21.7  
1K_PAGT % Agriculture total 61.4 23.3 4.8 94.0  
1K_PAGP % Pasture 8.0 7.8 0.0 36.1 X 
1K_PAGC % Row crop 53.4 27.3 1.4 93.8 X 
1K_AGTSL9 % Agriculture total on slope > 9% 42.6 34.1 0.0 100.0  
1K_AGPSL9 % Pasture on slope > 9% 10.9 13.2 0.0 51.1  
1K_AGCSL9 % Row crop on slope > 9% 31.7 34.8 0.0 100.0 X 
1K_STRMLEN Length of stream network (km) 1.7 0.7 0.9 4.6  
1K_STRMDENS Stream density (km/km2) 1.3 0.5 0.6 2.7  
1K_RDLEN Length of roads (km) 1.9 1.6 0.0 9.3  
1K_RDDENS Road density (km/km2) 1.4 1.1 0.0 6.7  
1K_PCTIA_LC 
% Impervious surface estimated from 
land cover 1.8 2.4 0.2 15.2 X 
1K_PTILE 
% Land with estimated artificial 
drainage 9.5 12.4 0.0 60.3 X 
1K_SINU Average sinuosity of all segments 1.3 0.5 1.0 4.8  
1K_PNMNDR Proportion of non meandering segments 0.8 0.3 0.0 1.0  
Local Riparian Buffer Scale  
1K_RNAT30 % Natural land cover  62.0 21.2 13.7 100.0  
1K_RFOR30 % Forest 30.4 29.2 0.0 99.8  
1K_RWETL30 % Wetland 2.7 5.6 0.0 27.1 X 
1K_RNG30 % Natural grassland 28.9 17.3 0.2 79.0 X 
1K_RHUM30 % Human land cover 37.9 21.2 0.0 86.3  
1K_RURB30 % Urban 1.9 3.2 0.0 19.2  
1K_RAGT30 % Agriculture total 35.3 21.4 0.0 86.3  
1K_RAGP30 % Pasture 9.9 10.9 0.0 52.4  
1K_RAGC30 % Row crop 25.4 22.0 0.0 86.3 X 
1K_RNS30 Length of road within buffer (km) 0.0 0.0 0.0 0.2  
1K_STXRD Stream road crossing density (#/km) 0.5 0.5 0.0 2.0  
1K_STXRD_CNT Number of stream road crossings 0.9 0.9 0.0 4.0  
Segment Scale  
SEG_SIN Segment Sinuosity 1.3 0.3 1.0 2.5 X 
GRADSEG Segment Gradient (m/km) 1.6 1.2 0.0 7.2 X 
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TABLE 2.—Models of physical habitat variables based on landscape variables in 
wadeable Iowa streams.  Models were created with stepwise multiple regression.  
Physical habitat variables are described in Rowe et al. submitted.  RMSE is residual mean 
squared error. 
Model 
Variable r2 RSME Variable selected Coefficient P 
Log SDDEPTH 0.33 0.20 1K_RAGC30 -0.0037 0.0006 
   1K_RNG30 -0.0033 0.0126 
   SEG_SIN 0.196 0.0168 
Log XWD_RAT 0.57 0.22 LANDAREA 0.0003 <0.0001 
   1K_RAGC30 0.0062 <0.0001 
   PAGC -0.0039 0.0026 
   POPDENS -0.0006 0.0076 
SDBKF_W 0.46 1.51 LANDAREA 0.0024 <0.0001 
   1K_RAGC30 -0.0247 0.0013 
Log XINC_H 0.46 0.17 SINU -0.8672 0.0005 
   POPDENS -0.0008 <0.0001 
   RAGC30 -0.0068 <0.0001 
   AGCSL9 0.0038 0.0002 
   LANDAREA 0.0001 0.0085 
BFWD_RAT 0.59 3.15 LANDAREA 0.0058 <0.0001 
   1K_RAGC30 -0.0848 <0.0001 
LRBS_BW6 0.07 0.59 PWETL 0.6701 0.0078 
W1H_CROP 0.62 0.20 1K_PAGC 0.004 0.0003 
   1K_RAGC30 0.0063 <0.0001 
   SEG_SIN -0.2753 0.0011 
RPXWID 0.76 1.10 LANDAREA 0.0016 <0.0001 
   POPDENS -0.0029 0.0040 
   1K_RWETL30 0.0930 0.0004 
   1K_RNG30 -0.0246 0.0017 
   1K_RAGC30 -0.0365 <0.0001 
Log RPV100R 0.41 0.41 LANDAREA 0.0003 0.0054 
   1K_PAGC -0.0076 <0.0001 
   1K_RWETL30 0.0224 0.0137 
Log RPMXDEP 0.22 0.23 1K_RAGC30 -0.0043 0.0002 
   SEG_SIN 0.2048 0.0286 
XC 0.57 0.18 1K_RAGC30 -0.0028 0.0269 
   GRADSEG -0.0368 0.0261 
   1K_PAGC -0.0028 0.0113 
   1K_RNG30 -0.0052 0.0002 
PCT_FN 0.40 18.697 PWETL -28.5207 0.0013 
   1K_AGC30 0.4875 0.0002 
   1K_PAGC -0.2318 0.0289 
   LANDAREA -0.0147 0.0011 
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TABLE 2.—continued. 
Model 
Variable r2 RSME Variable selected Coefficient P 
PCT_GF 0.25 7.19 SINU 20.3584 0.0286 
   1K_RNG30 0.1330 0.0056 
   1K_RAGC30 -0.1177 0.0025 
   PAGC 0.1003 0.0159 
PCT_SAFN 0.18 13.36 GRADSEG -4.5435 0.0002 
   SEG_SIN -16.6943 0.0024 
PCT_BIGR 0.30 9.20 GRADSEG 4.3585 <0.0001 
   SEG_SIN 12.8317 0.0009        
   1K_RAGC30 -0.0985 0.0342 
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TABLE 3.—Improved models of fish assemblage metrics based on physical habitat and 
landscape variables in wadeable Iowa streams.  Models were created with stepwise 
multiple regression, by selecting landscape variables that improved the earlier model 
based only on physical habitat variables.  ∆r2 is the change in coefficient of determination 
and ∆RMSE is the change is residual mean squared error between models of physical 
habitat only and the models with added landscape variables.  Physical habitat variables 
are described in Rowe et al. submitted.  Landscape variables are described in Table 1.  
RMSE is residual mean squared error.   
Model 
Metric r2  ∆r2 RMSE ∆RMSE 
Variable 
selected Coefficient p 
# Sucker Spp 0.62 0.06 1.28 -0.10 RPXWID 0.527 <0.0001 
     PCT_GF 0.040 0.0269 
     PCT_BIGR 0.047 0.0005 
     RCHDMDLL 1.614 0.0028 
     PAGC 0.027 0.0002 
# Sensitive Spp 0.50 0.09 1.82 -0.12 PCT_BIGR 0.073 0.0001 
     RPXWID 0.126 0.2856 
     PCT_GF 0.076 0.0035 
     XC 2.647 0.0086 
     PAGC 0.028 0.0065 
     RWETL30 0.721 0.0152 
# Benthic Invertivore Spp 0.63 0.04 1.66 0.29 RPXWID 0.688 <0.0001 
     PCT_SAFN -0.066 <0.0001 
     PFC_BIG 1.293 0.0698 
     1K_RURB30 0.129 0.0231 
     GRADSEG -0.407 0.0195 
% Benthic Invertivore 0.27 0.08 10.50 -0.46 PCT_BIGR 0.462 <0.0001 
     1K_RWETL30 0.481 0.0184 
% Top Carnivore 0.47 0.09 5.41 -0.38 XWD_RAT 0.120 0.0046 
     LRBS_BW6 -3.478 0.0005 
     W1H_CROP 6.093 0.0019 
     SDBKF_W 0.228 0.5636 
     LANDAREA 0.006 0.0003 
% Simple Lithophilous 0.54 0.02 4.51 -0.11 RPXWID 2.443 <0.0001 
     XFC_RCK 33.731 0.0015 
     RCHDMDLL 5.457 0.0044 
     PCT_SAFN -0.112 0.0024 
     SDDEPTH -0.241 0.0017 
     BFWD_RAT -0.613 0.0019 
     LANDAREA 0.003 0.0251 
Tolerance Index 0.41 0.08 1.11 -0.05 PCT_BIGR -0.055 <0.0001 
     RPXWID -0.129 0.0298 
     PCT_GF -0.033 0.0327 
     PAGC -0.016 0.0095 
     1K_PWETL -0.225 0.0247 
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Figure 1.—NMDS ordination of 93 sites on wadeable Iowa streams based on 30 variables 
of physical habitat variables.  Sites are represented by ecoregion or sub-region symbols as 
follows: 40-Central Irregular Plains (solid square), 47a-Northern Iowa Loess Prairies 
(inverted open triangle), 47b-Des Moines Lobe(open triangle), 47c-Iowan Surface (open 
diamond), 47d-Missouri Alluvial Plain (open square), 47e-Loess Hills and Rolling 
Prairies (square with x), 47f-Southern Iowa Rolling Loess Prairies (crossed diamond), 
47m-Loess Hills (open circles), 52-Paleozoic Plateau (solid triangle), and 72-Interior 
River Lowland (solid circle).  Polygon hulls outline sites within the Mississippi River 
(dashed polygon) or Missouri River (solid polygon) drainages.  NMDS Axis 1 is 
positively correlated with SDDEPTH, XWD_RAT, SDBKF_W, BFWD_RAT, 
C1TM100, V1TM100, RPGT50, RPMXDEP, RPXWID, RPV100R, XC, and negatively 
correlated with XBKA, and PCT_FN.  NMDS Axis 2 is positively correlated with 
PCT_RI, PCT_GF, and PCT_BIGR, and negatively correlated with PCT_SAFN.  NMDS 
Axis 3 is positively correlated with PCT_FN and XFC_NAT, and negatively correlated 
with PCT_GL.  Physical habitat variables are described in Rowe et al. submitted.   
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Figure 2.—Mean percent composition by region of catchment scale land cover at 93 sites 
on wadeable Iowa streams.  Subregion 47d was omitted because it contained only one 
site. 
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Figure 3.—Mean percent composition by region of local riparian buffer scale land cover 
at 93 sites on wadeable Iowa streams.  Subregion 47d was omitted because it contained 
only one site.   
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Figure 4.—NMDS ordination of 93 sites on wadeable Iowa streams based on 30 physical 
habitat variables.  Physical habitat variables significantly related to axes are defined in 
Figure 1.  Physical habitat variables are described in Rowe et al. submitted.  Landscape 
variables identified as good predictors of physical habitat are plotted as vectors.  
Landscape variables are described in Table 1.  Vectors indicate the direction of most 
significant change and length of arrow is proportional to the correlation with the 
ordination.   
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Figure 5.—NMDS ordination of 93 sites on wadeable Iowa streams based on fish species 
abundance.  Solid triangles are sites located in the Missouri River drainage, and inverted 
open triangles are sites located in the Mississippi River drainage.  Landscape variables 
that were selected as good predictors of physical habitat variables and significantly 
related to the ordination are plotted as vectors.  Landscape variables are described in 
Table 1.  Vectors indicate the direction of most significant change and length of arrow is 
proportional to the correlation with the ordination. 
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CHAPTER 4: GENERAL CONCLUSIONS 
 
The objective of the Clean Water Act is “to restore and maintain the chemical, 
physical, and biological integrity of the Nation’s waters” (USGPO 2002).  In order to 
achieve the objectives of the Clean Water Act we need to assess of the status of stream 
and river ecosystems, understand the degree to which humans have affected river and 
stream ecosystems, determine sources of risk for further degradation, and to create 
acceptable biological standards and attainable criteria.  In this study we examined the 
relationships of instream physical habitat and landscape characteristics with fish 
assemblages to further the understanding of these relationships and identify relevant 
physical habitat and landscape indicators for use in assessment and monitoring of 
wadeable Iowa streams. 
 Fish assemblages in Iowa wadeable streams are associated with the quality of the 
instream physical conditions that constitute an important part of their habitat.  We 
identified 30 physical habitat variables significantly related to fish assemblage 
composition and significantly different between sites judged as poor and sites judged as 
good or excellent by FIBI.  Eighteen of these variables were included in models 
predicting fish assemblage metrics.  We feel this is strong evidence that stream fish 
assemblages are influenced by the quality of instream habitat, and instream physical 
habitat should be used in conjunction with existing biological indicators for assessment. 
 Our results demonstrated strong relationships of physical habitat with landscape 
variables at several spatial scales.  We observed that the main source of variation in the 
physical habitat of Iowa wadeable streams can be attributed to a gradient of land cover.  
Sites with natural land cover at all spatial scales had more complex habitat with wider 
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and more variable channel form, greater residual pool volumes, more large woody debris 
and more riparian vegetation canopy, while sites dominated by row crop land cover 
tended to have less complex habitat, highly sloped banks, and more fine substrates.  
Gradients of stream size and substrate size also explained significant amounts of variation 
of physical habitat.  These three gradients create and constrain instream physical habitat, 
and were associated with the integrity of fish assemblages.  Our results support 
hierarchical stream system theory and the view that landscape factors strongly influence 
many physical habitat characteristics in streams, and that in turn these physical habitat 
characteristics strongly influence fish assemblages. 
Successful restoration and conservation of Iowa stream fish will require 
management actions that account for the hierarchical nature of stream ecosystems and 
focus on processes at the appropriate spatial scale.  Efforts at the watershed scale should 
focus on the restoration of natural hydrographs and reducing upland soil erosion. Efforts 
at the riparian and reach scale should focus at channel and bank stabilization, preventing 
upland sediments from entering the stream, and reconnecting the active channel with the 
floodplain. 
The state of Iowa has been a national leader in the production of corn and 
soybeans, and will likely continue to lead the nation in production of these commodities.  
However the state of Iowa has also led the nation in the number of acres set aside as 
riparian buffers, grassed waterways, contour buffer strips, field borders and other buffers 
on private farmland, as of March 31 2006 Iowa had a total of over half a million acres 
enrolled in these conservation programs (Iowa Department of Agriculture and Land 
Stewardship 2007).  In addition Iowa has 1.98 million acres enrolled in the Conservation 
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Reserve Program (USDA-FSA 2007).  The recent boom in ethanol production for energy 
has caused a shift away from primarily food production, and has created greater demand 
thus doubling the price of a bushel of corn.  In Iowa the projected demand for corn used 
for ethanol production will soon exceed half of the Iowa corn crop.  This increased 
demand has led to dramatic increases in the amount of corn planted and the spring 
planting estimates published by the USDA for 2007 indicate the largest corn planting 
area since 1944, with a national increase in corn acreage of 90 million acres (15%), and 
an increase of 1.3 million (10%) acres in Iowa (USDA-NASS 2007).  This demand for 
corn acreage will be offset by a decrease in the acres of soybeans.  However lands that 
are currently enrolled in conservation programs could be released and put back into row 
crop production.  Nationally out of 35.9 million acres enrolled in CRP 16 million could 
be released in 2007, 500,000 of those acres could be released in Iowa (Hart 2006).  Many 
of these acres have been enrolled into conservation programs because they are less 
productive, highly erodible, and benefit the environment by removing them from row 
crop production.       
In order to protect our natural resources it is vital that we manage with an 
understanding of the impacts of human activities.  Our results have corroborated many 
other studies in identifying the deleterious effects of agriculture on stream ecosystems.  
We must not revert to the mentality of the early 1900’s ignoring the environmental 
repercussions of our actions.  Recreating a landscape dominated solely by row crop 
agriculture ignores the costs associated with the inevitable environmental degradation. 
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APPENDIX A.  LOCATIONS AND SITE DESCRIPTIONS 
Site ID Stream Name County UTM North UTM East 
2 Lotts Creek KOSSUTH 4756735.3 387703.5 
8 East Nishnabotna River CASS 4571504.9 320300.8 
9 Squaw Creek STORY 4654119.1 446090.7 
15 Battle Creek IDA 4689363.8 286720.0 
27 Muscatine Slough MUSCATINE 4585452.4 658487.5 
31 Willow Creek CLAY 4763550.3 317603.8 
32 Upper Iowa River HOWARD 4816282.2 569725.5 
41 Soap Creek DAVIS 4524980.6 553501.5 
42 Marrowbone Creek CARROLL 4670457.4 358054.7 
47 Little Turkey River HOWARD 4785678.9 565104.5 
54 White Breast Creek LUCAS 4538958.9 457218.6 
59 Ocheyedan River CLAY 4777725.0 318583.9 
60 West Nishnabotna River SHELBY 4630290.8 318678.1 
72 Honey Creek VAN BUREN 4507581.2 601071.9 
73 Walnut Creek POWESHIEK 4633616.9 555263.4 
77 UNT WFK Little Sioux River CHEROKEE 4746696.4 271701.7 
79 South Fork Iowa River HARDIN 4695288.2 473810.2 
91 Boone River WRIGHT 4745201.1 422284.1 
92 UNT Mink Creek FAYETTE 4746825.6 613362.0 
95 Ditch 151 EMMET 4799234.4 350157.9 
96 Beaver Branch BOONE 4644894.4 409661.5 
97 West Nishnabotna River POTTAWATTAMIE 4578474.2 299069.7 
98 UNT Otter Creek FAYETTE 4728343.5 588198.2 
99 Lizard Creek WEBSTER 4710314.6 390010.9 
102 Wapsipinicon River CHICKASAW 4760257.7 550560.2 
104 Battle Creek IDA 4702467.9 291006.7 
105 Mosquito Creek POTTAWATTAMIE 4583037.1 275090.1 
106 West Tarkio Creek PAGE 4522091.9 314083.5 
108 Brophy Creek CLINTON 4627666.7 712677.8 
109 Wolf Creek BLACK HAWK 4685082.4 566392.8 
110 Maple River MONONA 4661599.6 258462.7 
111 North Raccoon River SAC 4697273.5 336575.6 
112 Montgomery Creek CLAY 4762196.4 330566.1 
113 Johns Creek PLYMOUTH 4726425.7 254228.1 
114 Middle Fork Grand River RINGGOLD 4502518.7 393261.8 
115 East Nodaway River TAYLOR 4526230.3 339024.1 
117 Old Mans Creek JOHNSON 4600966.1 621245.4 
118 Bear Creek JONES 4657346.0 671657.4 
119 Soldier River MONONA 4645112.3 264447.6 
120 Boyer River SAC 4713233.8 317349.7 
121 Little Buffalo Creek WINNEBAGO 4809256.2 435451.3 
122 Floyd River PLYMOUTH 4745093.4 241252.5 
123 West Tarkio Creek PAGE 4505080.4 304577.8 
125 Mad Creek MUSCATINE 4593694.0 665256.2 
128 West Nishnabotna River CARROLL 4648742.9 332868.5 
130 Perry Creek PLYMOUTH 4728180.1 223904.6 
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Site ID Stream Name County UTM North UTM East 
132 Otter Creek WRIGHT 4741918.0 431569.4 
134 Soap Creek DAVIS 4523211.6 542503.8 
135 Willow Creek CERRO GORDO 4775884.3 475516.2 
136 Mud Creek LYON 4812221.6 231239.6 
138 UNT Buck Creek CASS 4594112.5 332358.4 
139 Quarter Section Run BREMER 4735245.4 552696.8 
140 Deer Creek WEBSTER 4719113.6 392774.8 
142 Cooper Cr APPANOOSE 4509324.9 508747.6 
145 Willow Cr CHEROKEE 4719383.2 275131.8 
146 EBR West Nishnabotna R SHELBY 4612587.2 314299.0 
147 NFK Maquoketa R DUBUQUE 4701347.6 653845.5 
148 Stony Cr CLAY 4791563.8 311354.0 
149 UNT West Nishnabotna R SHELBY 4627543.3 311283.7 
150 Pony Cr POTTAWATTAMIE 4562796.8 263001.3 
151 Tetes Des Morts Cr DUBUQUE 4695798.6 694896.9 
152 Sugar Cr CLINTON 4656326.8 708300.7 
153 Big Cr HENRY 4525417.1 628134.6 
154 SFK Maquoketa R DELAWARE 4717744.5 616943.3 
156 Black Cat Cr KOSSUTH 4784867.5 387545.9 
157 North R ADAIR 4588769.1 388238.9 
158 Mud Cr MILLS 4551960.8 288772.8 
160 English Cr MARION 4568392.7 492706.2 
161 Fox R VAN BUREN 4498610.0 585682.5 
162 Iowa R HARDIN 4690427.7 493332.3 
164 North Racoon R SAC 4684667.0 344751.4 
168 Mud Cr BENTON 4659877.6 576407.0 
170 Wolf Cr WAYNE 4526907.6 467968.3 
171 Bear Cr WAPELLO 4540993.9 546613.5 
172 Potato Cr HARRISON 4603341.5 274805.4 
173 WFK Little Sioux R WOODBURY 4695545.4 246749.9 
174 Beaver Cr FRANKLIN 4713269.5 491710.2 
175 Mud Cr LYON 4801448.8 233584.8 
176 Cedar Cr JEFFERSON 4529468.8 599314.5 
181 Boyer R SAC 4684976.2 324520.7 
182 Plum Cr FREMONT 4523746.8 270803.8 
183 Brooke Cr BUENA VISTA 4740758.0 313175.3 
184 Crooked Cr WASHINGTON 4562232.3 615563.9 
232 Little Wolf Creek TAMA 4674070.3 521261.6 
238 UNT WBR Wapsinonoc Creek MUSCATINE 4602769.1 641687.4 
240 Little Cedar R MITCHELL 4793089.1 527765.4 
242 Helmer Cr JONES 4671608.4 636393.2 
245 Pleasant Creek JACKSON 4673727.5 710228.8 
250 North Branch Lizard Creek POCAHONTAS 4747705.5 358219.4 
251 Odebolt Creek SAC 4687582.4 312690.6 
262 Cedar Creek KEOKUK 4576964.0 555463.5 
271 Middle Racoon R GUTHRIE 4626148.0 374782.5 
290 Little Bear Cr POWESHIEK 4619654.4 550525.6 
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Site ID 
Ecological 
Region Class 
Thermal 
Class 
Length Sampled 
(m) 
Strahler 
Order Designated Use 
2 47b Warm Water 280 2 Other 
8 47e Warm Water 1200 5 B(WW) 
9 47b Warm Water 600 4 B(LR) 
15 47e Warm Water 250 3 B(LR) 
27 72 Warm Water 180 2 Other 
31 47a Warm Water 240 2 B(LR) 
32 52 Warm Water 800 4 B(WW) 
41 40 Warm Water 500 4 B(LR) 
42 47b Warm Water 270 3 Other 
47 47c Warm Water 270 3 B(LR) 
54 40 Warm Water 320 4 B(LR) 
59 47a Warm Water 400 5 B(LR) 
60 47e Warm Water 280 4 B(LR) 
72 40 Warm Water 360 3 Other 
73 47f Warm Water 552 4 B(LR) 
77 47a Warm Water 150 2 Other 
79 47b Warm Water 520 3 B(WW) 
91 47b Warm Water 560 4 B(WW) 
92 52 Warm Water 80 2 Other 
95 47b Warm Water 150 2 Other 
96 47b Warm Water 200 2 Other 
97 47e Warm Water 1000 5 B(WW) 
98 47c Warm Water 160 3 Other 
99 47b Warm Water 880 4 B(WW) 
102 47c Warm Water 520 4 B(WW) 
104 47a Warm Water 150 2 Other 
105 47e Warm Water 360 4 B(LR) 
106 47e Warm Water 200 3 Other 
108 47f Warm Water 640 4 B(WW) 
109 47c Warm Water 1000 5 B(WW) 
110 47m Warm Water 800 5 B(WW) 
111 47b Warm Water 640 4 B(WW) 
112 47a Warm Water 160 2 B(LR) 
113 47a Warm Water 280 3 B(LR) 
114 40 Warm Water 150 2 B(LR) 
115 47f Warm Water 800 4 B(LR) 
117 72 Warm Water 720 4 B(LR) 
118 47f Warm Water 320 4 B(LR) 
119 47m Warm Water 800 5 B(WW) 
120 47a Warm Water 160 3 B(LR) 
121 47b Warm Water 150 2 Other 
122 47a Warm Water 520 4 B(LR) 
123 47e Warm Water 280 3 B(LR) 
125 47f Warm Water 150 2 Other 
128 47e Warm Water 160 3 Other 
130 47e Warm Water 200 3 B(LR) 
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Site ID 
Ecological 
Region Class 
Thermal 
Class 
Length Sampled 
(m) 
Strahler 
Order Designated Use 
132 47b Warm Water 320 3 B(WW) 
134 40 Warm Water 400 4 B(LR) 
135 47b Warm Water 280 2 B(LR) 
136 47a Warm Water 200 3 B(LR) 
138 47e Warm Water 150 2 Other 
139 47c Warm Water 160 2 Other 
140 47a Warm Water 150 2 Other 
142 40 Warm Water 160 3 B(LR) 
145 47a Warm Water 280 3 B(LR) 
146 47e Warm Water 680 4 B(LR) 
147 47c Warm Water 680 4 B(WW) 
148 47a Warm Water 400 4 B(LR) 
149 47e Warm Water 150 2 Other 
150 47d Warm Water 150 4 Other 
151 52 Warm Water 150 3 B(LR) 
152 47f Warm Water 200 3 B(LR) 
153 40 Warm Water 360 4 B(WW) 
154 47c Warm Water 360 4 B(LR) 
156 47b Warm Water 240 2 B(LR) 
157 47f Warm Water 200 3 B(LR) 
158 47e Warm Water 160 3 B(LR) 
160 40 Warm Water 320 4 B(LR) 
161 40 Warm Water 480 4 B(LR) 
162 47f Warm Water 1200 4 B(WW) 
164 47b Warm Water 800 5 B(WW) 
168 47c Warm Water 200 3 B(LR) 
170 40 Warm Water 200 3 B(LR) 
171 40 Warm Water 560 2 Other 
172 47e Warm Water 150 2 Other 
173 47m Warm Water 440 5 B(LR) 
174 47c Warm Water 280 3 B(LR) 
175 47a Warm Water 320 4 B(LR) 
176 40 Warm Water 600 5 B(LR) 
181 47a Warm Water 520 4 B(WW) 
182 47m Warm Water 240 3 B(LR) 
183 47b Warm Water 160 3 B(LR) 
184 47f Warm Water 600 4 B(LR) 
232 47c Warm Water 150 2 Other 
238 47f Warm Water 165 2 Other 
240 47c Warm Water 560 4 B(WW) 
242 47c Warm Water 240 2 Other 
245 52 Warm Water 150 3 B(LR) 
250 47b Warm Water 280 2 Other 
251 47e Warm Water 150 3 Other 
262 47f Warm Water 240 2 B(LR) 
271 47f Warm Water 880 5 B(WW) 
290 47f Warm Water 280 3 B(LR) 
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APPENDIX B.  SPECIES CHARACTERISTICS FOR FIBI 
METRIC CALCULATION. 
Species Exotic Tolerance Trophic Level Family 
Simple 
Lithophilous 
Spawner 
Semotilus atromaculatus  Tolerant Generalist Minnows  
Notropis dorsalis  Tolerant Insectivore Minnows  
Notropis stramineus  Intermediate Insectivore Minnows  
Pimephales notatus  Tolerant Omnivore Minnows  
Lepomis cyanellus  Tolerant Generalist Sunfish  
Etheostoma nigrum  Intermediate Benthic Invertivore Perches  
Catostomus commersoni  Intermediate Omnivore Suckers  
Pimephales promelas  Tolerant Omnivore Minnows  
Campostoma anomalum  Intermediate Herbivore Minnows  
Lepomis macrochirus  Intermediate Insectivore Sunfish  
Luxilus cornutus  Intermediate Insectivore Minnows  
Cyprinus carpio Yes Tolerant Omnivore Minnows  
Noturus flavus  Intermediate Benthic Invertivore Catfishes  
Cyprinella lutrensis  Tolerant Omnivore Minnows  
Phenacobius mirabilis  Intermediate Benthic Invertivore Minnows Yes 
Rhinichthys atratulus  Intermediate Insectivore Minnows  
Cyprinella spiloptera  Intermediate Insectivore Minnows  
Ictalurus punctatus  Intermediate Top Carnivore Catfishes  
Micropterus salmoides  Intermediate Largemouth Bass Sunfish  
Hybognathus hankinsoni  Intermediate Herbivore Minnows  
Moxostoma 
macrolepidotum  Intermediate Benthic Invertivore Suckers Yes 
Carpiodes cyprinus  Intermediate Omnivore Suckers  
Nocomis biguttatus  Sensitive Insectivore Minnows  
Hypentelium nigricans  Sensitive Benthic Invertivore Suckers Yes 
Ameiurus melas  Tolerant Generalist Catfishes  
Ameiurus natalis  Intermediate Benthic Invertivore Catfishes  
Etheostoma flabellare  Intermediate Benthic Invertivore Perches  
Carpiodes carpio  Intermediate Omnivore Suckers  
Moxostoma erythrurum  Intermediate Benthic Invertivore Suckers Yes 
Lepomis humilis  Intermediate Insectivore Sunfish  
Percina maculata  Sensitive Benthic Invertivore Perches  
Micropterus dolomieu  Sensitive Top Carnivore Sunfish  
Phoxinus erythrogaster  Sensitive Herbivore Minnows  
Dorosoma cepedianum  Tolerant Omnivore Herrings  
Percina phoxocephala  Sensitive Benthic Invertivore Perches  
Pimephales vigilax  Intermediate Omnivore Minnows  
Etheostoma zonale  Sensitive Benthic Invertivore Perches  
Poxomis nigromaculatus  Intermediate Top Carnivore Sunfish  
Culaea inconstans  Sensitive Insectivore Sticklebacks  
Pylodictis olivaris  Intermediate Top Carnivore Catfishes  
Carpiodes velifer  Intermediate Omnivore Suckers  
Notropis rubellus  Sensitive Insectivore Minnows  
Lampetra appendix  Sensitive Filter Lampreys  
Notropis atherinoides  Intermediate Insectivore Minnows  
Apodinotus grunniens  Intermediate Benthic Invertivore Drums  
Esox lucius  Sensitive Top Carnivore Pikes  
Platygobio gracilis  Intermediate Insectivore Minnows  
Hiodon alosoides  Intermediate Insectivore Mooneyes  
Lepisosteus platostomus  Intermediate Top Carnivore Gars  
Poxomis annularis  Intermediate Top Carnivore Sunfish  
Ictiobus cyprinellus  Intermediate Insectivore Suckers  
Etheostoma asprigene  Intermediate Benthic Invertivore Perches  
Etheostoma caeruleum  Sensitive Benthic Invertivore Perches  
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Species Exotic Tolerance Trophic Level Family 
Simple 
Lithophilous 
Spawner 
Ambloplites rupestris  Sensitive Top Carnivore Sunfish  
Noturus exilis  Sensitive Benthic Invertivore Catfishes  
Noturus gyrinus  Sensitive Benthic Invertivore Catfishes  
Stizostedion vitreum  Intermediate Top Carnivore Perches  
Morone chrysops  Intermediate Top Carnivore Temperate Basses  
Moxostoma duquesnei  Sensitive Benthic Invertivore Suckers Yes 
Fundulus notatus  Intermediate Insectivore Killifishes  
Notemigonus 
crysoleucas  Tolerant Omnivore Minnows  
Etheostoma exile  Sensitive Benthic Invertivore Perches  
Rhinichthys cataractae  Sensitive Benthic Invertivore Minnows  
Campostoma oligolepis  Sensitive Herbivore Minnows  
Hybognathus placitus  Intermediate Herbivore Minnows  
Macrhybopsis 
storeriana  Intermediate Insectivore Minnows  
Hybognathus nuchalis  Sensitive Omnivore Minnows  
Labidesthes sicculus  Intermediate Insectivore Silversides  
Salmo trutta Yes Sensitive Top Carnivore Trouts  
Umbra limi  Tolerant Insectivore Mudminnows  
Noturus nocturnus  Intermediate Benthic Invertivore Catfishes  
Carassius auratus Yes Intermediate Omnivore Minnows  
Esox americanus  Intermediate Top Carnivore Pikes  
Erimystax x-punctatus  Sensitive Benthic Invertivore Minnows  
Percina caprodes  Sensitive Benthic Invertivore Perches  
Etheostoma spectabile  Sensitive Benthic Invertivore Perches  
Lepomis gibbosus  Intermediate Insectivore Sunfish  
Lythrurus umbratilis  Intermediate Insectivore Minnows Yes 
Stizostedion canadense  Intermediate Top Carnivore Perches  
Ictiobus bubalus  Intermediate Omnivore Suckers  
Moxostoma anisurum  Intermediate Benthic Invertivore Suckers Yes 
Lepomis gulosus  Intermediate Insectivore Sunfish  
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APPENDIX C.  DESCRIPTIONS AND SUMMARY STATISTICS OF 
345 PHYSICAL HABITAT VARIALBES. 
Variable Description Mean SD Min. Max. 
Channel Morph 
SIDECNT Side Channel Presence Count 0.02 0.21 0.00 2.00 
REACHLEN Length of sample reach (m) 374.88 256.92 79.20 1188.00 
XDEPTH Thalweg Mean Depth (cm) 47.80 21.49 10.42 125.52 
TOTCHLEN Total length of channel, main + side (m) 374.88 256.92 79.20 1188.00 
TOTDPLEN Sum of pool tail lengths (m/reach) 142.25 87.58 30.40 396.00 
TOTUPLEN Sum of pool head lengths (m/reach) 167.10 108.70 36.00 504.00 
TOTDPSDL Sum pool tail lengths with sed.(m/reach) 133.12 88.49 5.60 396.00 
TOTUPSDL Sum pool head lengths with sed.(m/reach) 156.80 108.74 14.00 480.00 
PCTUSED % of pool head length with sediment 92.37 16.86 19.72 100.00 
FISH_D Reach Length (m) -- as the fish swims 378.66 259.53 80.00 1200.00 
CROWS_D Straight line valley length of reach (m) 322.56 243.20 58.12 1160.64 
SDDEPTH Std Dev of Thalweg Depth (cm) 16.78 9.86 3.88 60.37 
XWIDTH Wetted Width -- Mean (m) 10.00 7.60 1.09 36.93 
SDWIDTH Std Dev of Wetted Width (m) 2.11 1.63 0.28 8.67 
XWXD Mean Width*Depth Product (m2) 5.35 5.58 0.15 30.23 
XWD_RAT Mean Width/Depth Ratio (m/m) 26.02 19.13 3.32 83.97 
SDWXD Std Dev of Width*Depth Product (m2) 2.04 2.10 0.08 12.69 
SDWD_RAT Std Dev of Width/Depth Ratio (m/m) 12.72 12.20 0.79 70.90 
PCT_GL Glide (% of reach) 70.25 25.54 0.00 100.00 
PCT_PD Impoundment Pool (% of reach) 5.16 17.68 0.00 100.00 
PCT_PL Lateral Scour Pool (% of reach) 4.47 6.85 0.00 30.00 
PCT_RI Riffle (% of reach) 8.06 9.87 0.00 45.45 
PCT_PP Plunge Pool (% of reach) 0.16 0.56 0.00 3.00 
PCT_PT Trench Pool (% of reach) 11.22 19.65 0.00 100.00 
PCT_RA Rapids (% of reach) 0.05 0.34 0.00 3.00 
PCT_CA Cascade (% of reach) 0.02 0.15 0.00 1.00 
PCT_PB Backwater Pool (% of reach length) 0.59 3.87 0.00 27.00 
PCT_FAST Fast Wtr Hab (% riffle & faster) 8.14 9.89 0.00 45.45 
PCT_SLOW Slow Wtr Hab (% Glide & Pool) 91.86 9.89 54.55 100.00 
PCT_POOL Pools -- All Types (% of reach) 21.62 23.94 0.00 100.00 
PCT_SIDE Side channel presence (% of reach) 0.76 2.87 0.00 16.00 
Channel Cross Section and Bank Morphology 
XBKA Bank Angle--mean (degrees) 38.04 10.74 18.86 65.95 
SDBK_A Bank Angle--Std. Dev. (degrees) 20.72 6.44 8.40 42.62 
BKA_Q3 Bank Angle-Upper Quartile (degrees) 50.23 13.99 19.00 96.00 
MEDBK_A Bank Angle--Median (degrees) 35.42 12.72 10.00 69.50 
BKA_Q1 Bank Angle-Lower Quartile (degrees) 22.59 11.76 4.00 55.00 
INTQBKA Bank Angle-interquartile range (degrees) 27.64 11.45 10.00 82.00 
XUN Undercut Distance--Mean (m) 0.04 0.11 0.00 0.90 
SDUN Undercut Distance--Std. Dev. (m) 0.05 0.06 0.00 0.31 
BKUN_Q3 Undercut Distance-Upper Quartile (m) 0.03 0.12 0.00 0.90 
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Variable Description Mean SD Min. Max. 
Channel Cross Section and Bank Morphology - continued 
INTQBKUN Undercut Distance- interquart range, (m) 0.01 0.03 0.00 0.22 
XBKF_W Bankfull Width--Mean (m) 14.55 10.91 2.42 61.41 
SDBKF_W Bankfull Width--Std. Dev. (m) 2.39 2.04 0.30 10.91 
XBKF_H Bankfull Height-Mean (m) 1.02 0.81 0.16 6.95 
SDBKF_H Bankfull Height-Std. Dev. (m) 0.35 2.09 0.02 20.25 
XINC_H Channel Incision Ht.-Mean (m) 3.11 1.66 0.48 10.38 
SDINC_H Channel Incision Ht.-Std. Dev. (m) 0.55 2.05 0.00 19.98 
BFWD_RAT Mean bankfull width/depth ratio (m/m) 9.81 4.86 2.65 22.73 
Fish Cover 
XFC_ALG Fish Cvr-Filamentous Algae (Areal Prop) 0.02 0.07 0.00 0.65 
XFC_AQM Fish Cvr-Aq. Macrophytes (Areal Prop) 0.02 0.07 0.00 0.57 
XFC_LWD Fish Cvr-Large Woody Debris (Areal Prop) 0.02 0.03 0.00 0.15 
XFC_BRS Fish Cvr-Brush&Small Debris (Areal Prop) 0.04 0.04 0.00 0.21 
XFC_OHV Fish Cvr-Overhang Veg (Areal Prop) 0.08 0.10 0.00 0.49 
XFC_UCB Fish Cvr-Undercut Banks (Areal Prop) 0.02 0.03 0.00 0.20 
XFC_RCK Fish Cvr-Boulders (Areal Prop) 0.02 0.05 0.00 0.38 
XFC_HUM Fish Cvr-Artif. Structs. (Areal Prop) 0.01 0.02 0.00 0.10 
PFC_ALG Filamentous Algae Presence (% Rch) 0.12 0.25 0.00 1.00 
PFC_AQM Aq. Macrophytes Presence (% Rch) 0.10 0.23 0.00 1.00 
PFC_LWD LWD Presence (% Rch) 0.17 0.20 0.00 1.00 
PFC_BRS Brush & Small Debris Prsnce (% Rch) 0.47 0.35 0.00 1.00 
PFC_OHV Overhang. Veg. Presence (% Rch) 0.66 0.38 0.00 1.00 
PFC_UCB Undercut Bank Presence (% Rch) 0.30 0.30 0.00 1.00 
PFC_RCK Boulders Presence (% Rch) 0.17 0.26 0.00 1.00 
PFC_HUM Artif. Structs. Presence (% Rch) 0.09 0.13 0.00 0.64 
PFC_ALL Any Types Fsh Cvr Present (% Rch) 0.92 0.15 0.36 1.00 
PFC_NAT Any Natural Fish Cover Present (% Rch) 0.91 0.16 0.36 1.00 
PFC_BIG LWD,RCK,OHB or HUM Fsh Cvr Pres (% Rch) 0.59 0.27 0.00 1.00 
XFC_ALL Fish Cvr-All Types (Sum Areal Prop) 0.20 0.13 0.03 0.68 
XFC_NAT Fish Cvr-Natural Types (Sum Areal Prop) 0.19 0.13 0.03 0.68 
XFC_BIG Fish Cvr-LWD,RCK,UCBorHUM(Sum Area Prop) 0.07 0.06 0.00 0.39 
Flow 
FLOW Stream Discharge (m3/s) 0.59 0.73 0 2.8 
Human Disturbance 
XB_HALL Rip Dist--Sum All Types instrm & on bank 0.32 0.36 0.00 1.36 
XC_HALL Rip Dist--Sum All Types in Ripar Plots 0.23 0.32 0.00 1.09 
XF_HALL Rip Dist--Sum All Types beyond Rip Plots 1.06 0.73 0.00 3.18 
XCB_HALL Rip Dist--Sum All Types instrm & in plot 0.55 0.44 0.00 1.86 
X_HALL Rip Dist--Sum All Types str plt & beyond 1.61 0.87 0.00 4.61 
XB_HNOAG Rip Dist Sum-Non ag Types instrm & Plot 0.16 0.22 0.00 1.18 
XC_HNOAG Rip Dist Sum-Non Ag Types in Ripar Plot 0.06 0.16 0.00 1.00 
XF_HNOAG Rip Dist Sum-Non Ag Types Beyond Rip Plt 0.50 0.52 0.00 2.82 
XCB_HNAG Rip Dist Sum-Non Ag Types instrm & Bank 0.22 0.31 0.00 1.86 
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Human Disturbance - continued 
X_HNOAG Rip Dist Sum-Non Ag rip Plt & Beyond 0.73 0.75 0.00 4.20 
XB_HAG Rip Dist-Sum Ag Types instrm & in plot 0.16 0.33 0.00 1.00 
XC_HAG Rip Dist-Sum of Ag Types in Ripar Plot 0.17 0.29 0.00 1.00 
XF_HAG Rip Dist Sum-Ag Types Beyond Ripar Plot 0.55 0.42 0.00 1.95 
XCB_HAG Rip Dist Sum-Ag Types instrm & on Bank 0.33 0.41 0.00 1.18 
X_HAG Rip Dist Sum-Ag Types rip Plt & Beyond 0.88 0.54 0.00 2.00 
W1_HALL Rip Dist--Sum All Types (ProxWt Pres) 1.42 0.77 0.00 3.94 
W1_HNOAG Rip Dist--Sum NonAg Types (ProxWt Pres) 0.64 0.67 0.00 3.88 
W1_HAG Rip Dist--Sum Agric Types (ProxWt Pres) 0.78 0.59 0.00 2.18 
W1H_BLDG Rip Dist--Buildings (ProxWt Pres) 0.09 0.11 0.00 0.59 
W1H_WALL Rip Dist--Wall/Bank Revet. (ProxWt Pres) 0.13 0.28 0.00 1.50 
W1H_PVMT Rip Dist--Pavement (ProxWt Pres) 0.01 0.06 0.00 0.45 
W1H_ROAD Rip Dist--Road/Railroad (ProxWt Pres) 0.20 0.21 0.00 0.74 
W1H_PIPE Rip Dist--Pipes infl/effl (ProxWt Pres) 0.03 0.07 0.00 0.33 
W1H_LDFL Rip Dist--Trash/Landfill (ProxWt Pres) 0.12 0.18 0.00 0.87 
W1H_PARK Rip Dist--Lawn/Park (ProxWt Pres) 0.03 0.13 0.00 0.89 
W1H_CROP Rip Dist--Row Crop (ProxWt Pres) 0.46 0.32 0.00 1.02 
W1H_PSTR Rip Dist--Pasture/Hayfield (ProxWt Pres) 0.31 0.51 0.00 1.50 
W1H_MINE Rip Dist--Mining Activity (ProxWt Pres) 0.01 0.06 0.00 0.45 
Large Woody Debris 
C1W LWD in Bankfull channel(#/rch-all sizes) 40.83 63.97 0.00 397.00 
C2W LWD in Bankfull channel (#/rch-S,M,L,X) 18.60 29.72 0.00 185.00 
C3W LWD in Bankfull channel (#/rch-M,L,X) 7.37 12.73 0.00 80.00 
C4W LWD in Bankfull channel (#/rch-L,X) 2.17 3.83 0.00 17.00 
C5W LWD in Bankfull channel (#/rch-X) 0.05 0.23 0.00 1.00 
C1D LWD above Bkf channel (#/rch-all sizes) 4.19 11.13 0.00 55.00 
C2D LWD above Bkf channel (#/rch-S,M,L,X) 2.20 5.18 0.00 30.00 
C3D LWD above Bkf channel (#/rch-M,L,X) 1.08 2.35 0.00 15.00 
C4D LWD above Bkf channel (#/rch-L,X) 0.22 0.75 0.00 5.00 
C5D LWD above Bkf channel (#/rch-X) 0.01 0.10 0.00 1.00 
V1W LWD vol in Bkf chnl (m3/rch-all sizes) 19.42 31.37 0.00 169.71 
V2W LWD vol in Bkf chnl (m3/rch-S,M,L,X) 18.13 29.61 0.00 157.41 
V3W LWD vol in Bkf chnl (m3/rch-M,L,X) 14.99 25.01 0.00 126.70 
V4W LWD vol in Bkf chnl (m3/rch-L,X) 9.54 17.00 0.00 83.86 
V5W LWD vol in Bkf chnl (m3/rch-X) 1.22 5.13 0.00 22.62 
V1D LWD vol above Bkf chnl(m3/rch-all sizes) 2.52 8.04 0.00 63.16 
V2D LWD vol above Bkf chnl (m3/rch-S,M,L,X) 2.40 7.78 0.00 61.89 
V3D LWD vol above Bkf chnl (m3/rch-M,L,X) 2.10 7.28 0.00 58.70 
V4D LWD vol above Bkf chnl (m3/rch-L,X) 1.24 6.20 0.00 48.45 
V5D LWD vol above Bkf chnl (m3/rch-X) 0.24 2.28 0.00 22.00 
C1T LWD in/over Bkf channel(#/rch-all sizes) 45.02 69.95 0.00 405.00 
C2T LWD in/over Bkf channel (#/rch-S,M,L,X) 20.81 32.63 0.00 192.00 
C3T LWD in/over Bkf channel (#/rch-M,L,X) 8.44 14.17 0.00 87.00 
C4T LWD in/over Bkf channel (#/rch-L,X) 2.39 4.19 0.00 18.00 
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C5T LWD in/over Bkf channel (#/rch-X) 0.06 0.25 0.00 1.00 
V1T LWD vol in/abv Bkf chnl(m3/rch-all size) 21.93 35.52 0.00 184.47 
V2T LWD vol in/abv Bkf chnl (m3/rch-S,M,L,X) 20.53 33.62 0.00 172.11 
V3T LWD vol in/abv Bkf chnl (m3/rch-M,L,X) 17.09 28.70 0.00 141.40 
V4T LWD vol in/abv Bkf chnl (m3/rch-L,X) 10.79 19.79 0.00 87.20 
V5T LWD vol in/abv Bkf chnl (m3/rch-X) 1.46 5.59 0.00 22.62 
C1W_MSQ LWD in Bkf chnl (#/m2-all sizes) 0.01 0.01 0.00 0.05 
C2W_MSQ LWD in Bkf chnl (#/m2-S,M,L,X) 0.00 0.00 0.00 0.03 
C3W_MSQ LWD in Bkf chnl (#/m2-M,L,X) 0.00 0.00 0.00 0.01 
C4W_MSQ LWD in Bkf chnl (#/m2-L,X) 0.00 0.00 0.00 0.00 
C5W_MSQ LWD in Bkf chnl (#/m2-X) 0.00 0.00 0.00 0.00 
V1W_MSQ LWD Vol in Bkf chnl (m3/m2-all sizes) 0.00 0.00 0.00 0.02 
V2W_MSQ LWD Vol in Bkf chnl (m3/m2-S,M,L,X) 0.00 0.00 0.00 0.02 
V3W_MSQ LWD Vol in Bkf chnl (m3/m2-M,L,X) 0.00 0.00 0.00 0.01 
V4W_MSQ LWD Vol in Bkf chnl (m3/m2-L,X) 0.00 0.00 0.00 0.01 
V5W_MSQ LWD Vol in Bkf chnl (m3/m2-X) 0.00 0.00 0.00 0.00 
C1WM100 LWD in Bkf chnl (#/100m-all sizes) 8.50 10.56 0.00 57.77 
C2WM100 LWD in Bkf chnl (#/100m-S,M,L,X) 3.69 4.87 0.00 20.52 
C3WM100 LWD in Bkf chnl (#/100m-M,L,X) 1.36 1.91 0.00 8.74 
C4WM100 LWD in Bkf chnl (#/100m-L,X) 0.38 0.61 0.00 2.53 
C5WM100 LWD in Bkf chnl (#/100m-X) 0.01 0.04 0.00 0.28 
V1WM100 LWD Vol in Bkf chnl (m3/100m-all sizes) 3.64 4.96 0.00 21.27 
V2WM100 LWD Vol in Bkf chnl (m3/100m-S,M,L,X) 3.36 4.71 0.00 20.88 
V3WM100 LWD Vol in Bkf chnl (m3/100m-M,L,X) 2.71 4.04 0.00 19.54 
V4WM100 LWD Vol in Bkf chnl (m3/100m-L,X) 1.70 2.91 0.00 15.74 
V5WM100 LWD Vol in Bkf chnl (m3/100m-X) 0.19 0.88 0.00 6.35 
C1DM100 LWD above Bkf chnl (#/100m-all sizes) 0.87 2.29 0.00 13.26 
C2DM100 LWD above Bkf chnl (#/100m-S,M,L,X) 0.44 1.04 0.00 6.00 
C3DM100 LWD above Bkf chnl (#/100m-M,L,X) 0.21 0.43 0.00 2.71 
C4DM100 LWD above Bkf chnl (#/100m-L,X) 0.04 0.14 0.00 1.01 
C5DM100 LWD above Bkf chnl (#/100m-X) 0.00 0.02 0.00 0.18 
V1DM100 LWD Vol above Bkf chnl(m3/100m-all size) 0.48 1.50 0.00 11.39 
V2DM100 LWD Vol above Bkf chnl (m3/100m-S,M,L,X) 0.46 1.44 0.00 11.16 
V3DM100 LWD Vol above Bkf chnl (m3/100m-M,L,X) 0.40 1.34 0.00 10.59 
V4DM100 LWD Vol above Bkf chnl (m3/100m-L,X) 0.23 1.16 0.00 8.74 
V5DM100 LWD Vol above Bkf chnl (m3/100m-X) 0.04 0.42 0.00 4.08 
C1TM100 LWD in/above Bkfl chan(#/100m-all sizes) 9.36 12.04 0.00 71.02 
C2TM100 LWD in/above Bkfl chan (#/100m-S,M,L,X) 4.13 5.50 0.00 26.52 
C3TM100 LWD in/above Bkfl chan (#/100m-M,L,X) 1.57 2.12 0.00 9.32 
C4TM100 LWD in/above Bkfl chan (#/100m-L,X) 0.42 0.67 0.00 2.53 
C5TM100 LWD in/above Bkfl chan (#/100m-X) 0.01 0.04 0.00 0.28 
V1TM100 LWD Vol in/abv Bf chan(#/100m-all sizes) 4.13 5.70 0.00 24.25 
V2TM100 LWD Vol in/abv Bf chan (#/100m-S,M,L,X) 3.82 5.41 0.00 22.54 
V3TM100 LWD Vol in/abv Bf chan (#/100m-M,L,X) 3.11 4.65 0.00 19.83 
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V4TM100 LWD Vol in/abv Bf chan (#/100m-L,X) 1.93 3.43 0.00 15.74 
V5TM100 LWD Vol in/abv Bf chan (#/100m-X) 0.23 0.96 0.00 6.35 
RCHWSDSL Count/reach wet small dia short len lwd 22.23 35.57 0.00 212.00 
RCHWSDML Count/reach wet small dia medium len lwd 5.92 9.84 0.00 48.00 
RCHWSDLL Count/reach wet small dia long len lwd 0.16 0.73 0.00 6.00 
RCHWMDSL Count/reach wet medium dia short len lwd 4.82 8.44 0.00 52.00 
RCHWMDML Count/reach wet medium dia med. len lwd 4.97 9.41 0.00 64.00 
RCHWMDLL Count/reach wet medium dia long len lwd 1.08 2.04 0.00 9.00 
RCHWLDSL Count/reach wet large dia short len lwd 0.49 1.19 0.00 6.00 
RCHWLDML Count/reach wet large dia medium len lwd 0.49 1.29 0.00 8.00 
RCHWLDLL Count/reach wet large dia long len lwd 0.40 0.91 0.00 4.00 
RCHWXDSL Count/reach wet xlarge dia short len lwd 0.06 0.38 0.00 3.00 
RCHWXDML Count/reach wet xlarge dia med. len lwd 0.15 0.46 0.00 2.00 
RCHWXDLL Count/reach wet xlarge dia long len lwd 0.05 0.23 0.00 1.00 
RCHDSDSL Count/reach dry small dia short len lwd 1.99 6.48 0.00 37.00 
RCHDSDML Count/reach dry small dia medium len lwd 0.68 2.16 0.00 12.00 
RCHDSDLL Count/reach dry small dia long len lwd 0.06 0.32 0.00 2.00 
RCHDMDSL Count/reach dry medium dia short len lwd 0.41 1.56 0.00 11.00 
RCHDMDML Count/reach dry medium dia med. len lwd 0.80 1.77 0.00 9.00 
RCHDMDLL Count/reach dry medium dia long len lwd 0.08 0.27 0.00 1.00 
RCHDLDSL Count/reach dry large dia short len lwd 0.04 0.20 0.00 1.00 
RCHDLDML Count/reach dry large dia medium len lwd 0.05 0.27 0.00 2.00 
RCHDLDLL Count/reach dry large dia long len lwd 0.02 0.15 0.00 1.00 
RCHDXDML Count/reach dry xlarge dia med. len lwd 0.05 0.37 0.00 3.00 
RCHDXDLL Count/reach dry xlarge dia long len lwd 0.01 0.10 0.00 1.00 
RCHTSDSL Count/reach tot small dia short len lwd 24.22 38.83 0.00 213.00 
RCHTSDML Count/reach tot small dia medium len lwd 6.60 11.17 0.00 50.00 
RCHTSDLL Count/reach tot small dia long len lwd 0.23 0.93 0.00 8.00 
RCHTMDSL Count/reach tot medium dia short len lwd 5.23 8.87 0.00 52.00 
RCHTMDML Count/reach tot medium dia med len lwd 5.76 10.33 0.00 69.00 
RCHTMDLL Count/reach tot medium dia long len lwd 1.15 2.16 0.00 9.00 
RCHTLDSL Count/reach tot large dia short len lwd 0.54 1.27 0.00 7.00 
RCHTLDML Count/reach tot large dia medium len lwd 0.55 1.41 0.00 8.00 
RCHTLDLL Count/reach tot large dia long len lwd 0.42 0.97 0.00 5.00 
RCHTXDSL Count/reach tot xlarge dia short len lwd 0.06 0.38 0.00 3.00 
RCHTXDML Count/reach tot xlarge dia med len lwd 0.20 0.75 0.00 5.00 
RCHTXDLL Count/reach tot xlarge dia long len lwd 0.06 0.25 0.00 1.00 
RCHWETT Count/reach all wet size classes 40.83 63.97 0.00 397.00 
RCHDRYT Count/reach all dry size classes 4.19 11.13 0.00 55.00 
RCHWDT Count/reach all wood 45.02 69.95 0.00 405.00 
LWDWV33 Volume/reach (Robison 1998) of wet lwd 19.42 31.37 0.00 169.71 
LWDDV33 Volume/reach (Robison 1998) of dry lwd 2.52 8.04 0.00 63.16 
LWDTV33 Volume/reach (Robison 1998) of all lwd 21.93 35.52 0.00 184.47 
LWDWVCAL Volume/reach (other) of wet lwd 14.17 23.70 0.00 105.19 
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LWDDVCAL Volume/reach (other) of dry lwd 2.03 7.82 0.00 62.56 
LWDTVCAL Volume/reach (other) of all lwd 16.20 27.90 0.00 132.42 
SMWETDIA Count/reach all wet small dia lwd 28.31 44.22 0.00 260.00 
MDWETDIA Count/reach all wet medium dia lwd 10.86 18.36 0.00 123.00 
LGWETDIA Count/reach all wet large dia lwd 1.39 2.89 0.00 14.00 
XLWETDIA Count/reach all wet xlarge dia lwd 0.27 0.82 0.00 5.00 
SMDRYDIA Count/reach all dry small dia lwd 2.73 8.46 0.00 47.00 
MDDRYDIA Count/reach all dry medium dia lwd 1.28 2.83 0.00 13.00 
LGDRYDIA Count/reach all dry large dia lwd 0.12 0.41 0.00 3.00 
XLDRYDIA Count/reach all dry xlarge dia lwd 0.06 0.44 0.00 3.00 
SMDIATOT Count/reach all small dia lwd 31.04 48.83 0.00 261.00 
MDDIATOT Count/reach all small dia lwd 12.14 19.78 0.00 129.00 
LGDIATOT Count/reach all small dia lwd 1.51 3.09 0.00 15.00 
XLDIATOT Count/reach all small dia lwd 0.33 1.14 0.00 8.00 
SHWETLEN Count/reach all wet short len lwd 27.60 44.67 0.00 269.00 
MDWETLEN Count/reach all wet medium len lwd 11.54 19.06 0.00 117.00 
LGWETLEN Count/reach all wet long len lwd 1.69 3.07 0.00 13.00 
SHDRYLEN Count/reach all dry short len lwd 2.44 7.80 0.00 46.00 
MDDRYLEN Count/reach all dry medium len lwd 1.58 3.83 0.00 23.00 
LGDRYLEN Count/reach all dry long len lwd 0.17 0.56 0.00 4.00 
SHLENTOT Count/reach all short len lwd 30.04 48.44 0.00 270.00 
MDLENTOT Count/reach all medium len lwd 13.12 21.26 0.00 122.00 
LGLENTOT Count/reach all long len lwd 1.86 3.37 0.00 15.00 
Relative Bed Stability 
LRBS_TST Log10[Relative Bed Stability] - Fast est -1.27 0.65 -3.27 0.55 
LRBS_BW6 Log10[Erod. sub. dia.]- Est. 2, split BL -1.71 0.61 -3.56 -0.21 
LRBS_BW5 Log10[Relative Bed Stability] - Est. 2 -1.71 0.61 -3.56 -0.21 
LRBS_BW4 Log10[Relative Bed Stability] - old #2 -1.70 0.61 -3.56 -0.20 
Residual Pool 
NRP Number of Residual Pools in Reach 9.88 3.56 3.00 20.00 
RPGT50 Resid Pools >50cm deep (number/reach) 1.35 1.36 0.00 5.00 
RPGT75 Resid Pools >75cm deep (number/reach) 0.51 0.94 0.00 5.00 
RPGT100 Resid Pools >100cm deep (number/reach) 0.28 0.68 0.00 4.00 
RPMXLEN Max. resid pool length in reach (m/pool) 90.62 47.05 19.50 230.00 
RPMXDEP Maximum residual depth in reach (cm) 69.84 44.97 11.54 306.47 
RPMXWID Max resid width of any pool in reach (m) 7.87 5.97 1.08 28.37 
RPMXAR Max. RP profile area in rch (m2/pool) 25.97 30.50 1.66 181.52 
RPMXVOL Max volume of any pool in reach (m^3) 92.84 180.96 0.67 1334.57 
RPXWID Mean resid width of  reach (m) 3.05 2.18 0.39 10.65 
RPXDEP Mean RP depth in reach (cm/pool) 18.38 10.75 3.96 59.28 
RPXLEN Mean length of resid pools (m/pool) 33.14 19.78 6.11 124.00 
RPXAREA Mean vert. profile area of RPs (m2/pool) 7.29 9.59 0.34 60.54 
RPXVOL Mean resid pool volume (m^3/pool) 25.51 58.49 0.16 417.82 
RPVDEP StdDev of residual pool depths (cm) 15.15 9.34 2.40 58.98 
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RPVLEN StdDev length of resid pools (m/pool) 30.41 17.32 6.44 102.03 
RPVAREA StdDev profile area of RPs (m2/pool) 9.31 12.03 0.48 74.88 
TOTPLEN Total resid pool length (m/reach) 312.47 197.27 67.20 900.00 
AREASUM Resid. Pool Vert Profile Area (m2/reach) 62.10 66.05 4.70 381.73 
TOTPVOL Total resid pool volume (m^3/reach) 207.81 381.71 1.62 2506.89 
TOTSDLEN Total RP length with sediment (m/reach) 79.39 16.60 24.00 130.00 
TOTPLENC Total resid pool length (m/chan.) 312.47 197.27 67.20 900.00 
AREASUMC Resid. Pool Vert Profile Area (m2/chan.) 62.10 66.05 4.70 381.73 
TOTPVOLC Total resid pool volume (m^3/chan.) 207.81 381.71 1.62 2506.89 
TOTSDLNC Total RP length with sediment (m/chan.) 79.39 16.60 24.00 130.00 
PCTRCHRP Resid. pool length proportion (%of rch) 85.85 6.49 62.63 95.96 
PCTCHARP % of chan. length that forms resid pools 85.85 6.49 62.63 95.96 
PCTCHASD % of chan. length with sediments present 31.33 19.23 5.13 87.25 
PCTPSED Pool Sediment(<16mm) Pres. (%len of RPs) 35.80 21.13 7.66 100.00 
PCTDSED % of pool tail length with sed. 92.31 17.52 18.42 100.00 
RP100 Mean Residual Depth (m2/100m) 15.83 9.90 3.15 54.88 
RPV100R Residual Pool Volume (m3/100m reach) 39.03 50.42 1.02 316.53 
RP100C Mean resid area per 100 m of chan. 15.83 9.90 3.15 54.88 
RPV100C Residual volume (m^3/100m channel) 39.03 50.42 1.02 316.53 
Riparian Vegitation 
XPCAN Rip Canopy Present (Fraction of reach) 0.48 0.39 0.00 1.00 
XPMID Rip MidLayer Present (Fraction of reach) 0.94 0.17 0.00 1.00 
XPGVEG Rip Ground Layer Present (Fract. reach) 0.99 0.04 0.64 1.00 
XPCM Rip Can & MidLayer Present (Frac. reach) 0.47 0.38 0.00 1.00 
XPCMG Riparian 3-Layers Present (Fract. reach) 0.47 0.38 0.00 1.00 
XPMG Riparian mid & gnd Present (Frac. reach) 0.94 0.17 0.00 1.00 
XPMGH Rip. mid & gnd herb Present (Frac. reach) 0.90 0.21 0.00 1.00 
XPMGW Rip. mid & gnd wood Present (Frac. reach) 0.56 0.36 0.00 1.00 
XCL Riparian Canopy > 0.3m DBH (Cover) 0.16 0.17 0.00 0.68 
XCS Riparian Canopy <= 0.3m DBH (Cover) 0.10 0.11 0.00 0.39 
XMW Rip Mid Layer Woody (Cover) 0.18 0.16 0.00 0.53 
XMH Rip Mid Layer Herbaceous (Cover) 0.33 0.22 0.00 0.85 
XGW Rip Ground Layer Woody (Cover) 0.06 0.05 0.00 0.20 
XGH Rip Ground Layer Herbaceous (Cover) 0.67 0.17 0.21 0.88 
XGB Rip Ground Layer Barren (Cover) 0.22 0.16 0.02 0.68 
XC Riparian Veg Canopy Cover 0.26 0.27 0.00 0.96 
XM Riparian Veg Mid Layer Cover 0.51 0.27 0.00 0.95 
XG Riparian Veg Ground Layer Cover 0.73 0.17 0.26 1.01 
XCM Rip Veg Canopy+Mid Layer Cover 0.77 0.43 0.00 1.79 
XCMW Rip Veg Canopy+Mid Layer Woody Cover 0.45 0.40 0.00 1.30 
XCMG Rip Veg Canopy+Mid+Ground Cover 1.50 0.46 0.51 2.63 
XCMGW Rip Veg Canopy+Mid+Ground Woody Cover 0.50 0.43 0.00 1.42 
PCAN_D Riparian Canopy Deciduous (Fract. reach) 0.48 0.39 0.00 1.00 
PCAN_N Riparian Canopy Absent (Fract of rch) 0.52 0.39 0.00 1.00 
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XCDENBK Mean Bank Canopy Density (%) 67.27 19.98 8.29 96.52 
VCDENBK Std. Dev. Bank Canopy Density (%) 28.17 8.89 8.83 45.07 
XCDENMID Mean Mid-channel Canopy Density (%) 24.26 22.21 0.00 80.75 
VCDENMID Std. Dev. Mid-channel Canopy Density (%) 21.90 11.63 0.00 43.96 
XSLOPE Channel Slope -- reach mean (%) 0.20 0.22 0.00 1.60 
VSLOPE Std Dev of Channel % Slope 0.13 0.23 0.00 1.33 
SINU Channel Sinuosity (m/m) 1.28 0.57 1.00 4.21 
Substrate 
XEMBED Mean Embeddedness--Channel+Margin (%) 87.65 10.95 54.91 100.00 
VEMBED SD Embeddedness--Channel+Margin (%) 23.41 12.62 0.00 49.92 
XCEMBED Mean Embeddedness--Channel only (%) 84.74 14.48 42.73 100.00 
VCEMBED SD Embeddedness--Channel only (%) 23.30 13.91 0.00 48.97 
LSUB_DMM Substrate-Mean Log10(Diam Class mm) -0.66 0.60 -2.11 1.12 
LTEST Log10[Erodible Substr Dia.(mm)]-Fast est 0.61 0.40 -0.67 1.67 
LDMB_BW5 Log10[Erodible Substr Dia.(mm)]-Est. 2 1.05 0.38 -0.39 1.99 
LDMB_BW4 Log10[Erodible Substr Dia.(mm)]-old #2 1.04 0.38 -0.39 1.99 
PCTRSED Thal. Sedmt. (<16mm) Pres.(%len of Thal) 31.33 19.23 5.13 87.25 
LSUB2DMM the mean, log2dmm -0.66 0.60 -2.11 1.12 
LSUBD_SD Substrate-StDev LOG10(Diam Class mm) 1.34 0.44 0.00 2.85 
LSUBD2SD the standard deviation, log2dmm 1.34 0.44 0.00 2.85 
LSUB_D75 Substrate-D75 LOG10(Diam Class mm) -0.06 1.27 -2.11 3.75 
LSUB2D75 the upper quartile, log2dmm -0.06 1.27 -2.11 3.75 
LSUB_D50 Substrate-Median LOG10(Diam Class mm) -0.82 0.79 -2.11 1.51 
LSUB2D50 the median, log2dmm -0.82 0.79 -2.11 1.51 
LSUB_D25 Substrate-D25 LOG10(Diam Class mm) -1.61 0.76 -2.11 -0.46 
LSUB2D25 the lower quartile, log2dmm -1.61 0.76 -2.11 -0.46 
LSUB_IQR Substrate-IntQt Rng LOG10(Diam class mm) 1.56 1.42 0.00 5.86 
LSUB2IQR the interquartile range, log2dmm 1.56 1.42 0.00 5.86 
LSUB_D16 Substrate-D16 LOG10(Diam Class mm) -1.92 0.54 -2.11 -0.46 
LSUB_D84 Substrate-D84 LOG10(Diam Class mm) 0.51 1.41 -2.11 3.75 
LSUB2D16 the  16 percentile, log2dmm -1.92 0.54 -2.11 -0.46 
LSUB2D84 the  84 percentile, log2dmm 0.51 1.41 -2.11 3.75 
PCT_FN Substrate Fines -- Silt/Clay/Muck (%) 39.63 23.21 6.67 99.05 
PCT_GC Substrate Coarse Gravel -- 16-64 mm (%) 4.77 6.23 0.00 26.67 
PCT_GF Substrate Fine Gravel -- 2-16 mm (%) 8.61 8.11 0.00 32.38 
PCT_RC Substrate Concrete (%) 0.61 1.40 0.00 6.67 
PCT_SA Substrate Sand -- .06-2 mm (%) 39.02 23.64 0.00 81.90 
PCT_HP Substrate Hardpan -- (%) 3.04 6.99 0.00 39.05 
PCT_OT Substrate Miscellaneous -- (%) 0.11 0.39 0.00 2.86 
PCT_WD Substrate Woody -- (%) 0.64 1.16 0.00 7.69 
PCT_CB Substrate Cobbles -- 64-250 mm (%) 2.62 5.42 0.00 37.50 
PCT_RS Substrate Smooth Bedrock (%) 0.45 3.14 0.00 29.79 
PCT_SB Substrate Boulders -- 250-1000 mm (%) 0.38 0.81 0.00 3.81 
PCT_RR Substrate Rough Bedrock (%) 0.08 0.49 0.00 4.26 
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Substrate - continued 
PCT_XB Substrate Boulders -- 1000-4000 mm (%) 0.03 0.22 0.00 1.90 
PCT_BL Substrate Boulders -- 250-4000 mm (%) 0.41 0.94 0.00 5.71 
PCT_SAFN Substrate Sand & Fines -- <2 mm (%) 78.65 14.63 44.23 99.05 
PCT_SFGF Substrate <= Fine Gravel (<=16 mm) (%) 87.26 11.81 48.08 100.00 
PCT_BIGR Substrate >= Coarse Gravel (>16 mm) (%) 8.95 10.78 0.00 47.12 
PCT_BDRK Substrate Bedrock (%) 0.53 3.58 0.00 34.04 
PCT_ORG Substrate Wood or Detritus -- (%) 0.64 1.16 0.00 7.69 
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APPENDIX D.  PERMUTATION TESTS OF PHYSICAL 
HABITAT VARIABLES. 
Permutation tests of physical habitat variables for correlation with ordination of fish 
species abundance per 100m.  The squared correlation coefficient and the significance for 
each physical habitat variable are given.     
Variable 
Fish 
Abd/100m r2 Pr(>r) 
Fish 
Pre/abs 
r2 Pr(>r) 
FIBI 
Metrics 
r2 Pr(>r) 
Channel Morphology 
SIDECNT 0.0104 0.663 0.0123 0.65 0.0079 0.751 
REACHLEN 0.3053 <0.001 0.3338 <0.001 0.3606 <0.001 
XDEPTH 0.0933 0.013 0.0669 0.041 0.0433 0.166 
TOTCHLEN 0.3053 <0.001 0.3338 <0.001 0.3606 <0.001 
TOTDPLEN 0.3052 <0.001 0.336 <0.001 0.3666 <0.001 
TOTUPLEN 0.3038 <0.001 0.3329 <0.001 0.3638 <0.001 
TOTDPSDL 0.3204 <0.001 0.3401 <0.001 0.3231 <0.001 
TOTUPSDL 0.3162 <0.001 0.338 <0.001 0.3378 <0.001 
PCTUSED 0.0776 0.025 0.0769 0.026 0.0601 0.058 
FISH_D 0.3054 <0.001 0.3338 <0.001 0.3605 <0.001 
CROWS_D 0.279 <0.001 0.2967 <0.001 0.2752 <0.001 
SDDEPTH 0.0769 0.026 0.1057 0.004 0.1252 0.001 
XWIDTH 0.3053 <0.001 0.3355 <0.001 0.3631 <0.001 
SDWIDTH 0.1763 <0.001 0.2419 <0.001 0.3119 <0.001 
XWXD 0.2505 <0.001 0.2543 <0.001 0.2459 <0.001 
XWD_RAT 0.2349 <0.001 0.2791 <0.001 0.242 <0.001 
SDWXD 0.1694 <0.001 0.2103 <0.001 0.2291 <0.001 
SDWD_RAT 0.1546 <0.001 0.1898 <0.001 0.1415 0.002 
PCT_GL 0.0719 0.047 0.0541 0.079 0.0602 0.06 
PCT_PD 0.0829 0.023 0.0769 0.021 0.085 0.018 
PCT_PL 0.0046 0.801 0.0136 0.525 0.0353 0.2 
PCT_RI 0.1022 0.013 0.1065 0.01 0.0258 0.293 
PCT_PP 0.0208 0.401 0.0218 0.367 0.0198 0.379 
PCT_PT 0.0377 0.175 0.0466 0.127 0.0086 0.698 
PCT_RA 0.0055 0.808 0.0082 0.711 0.0114 0.63 
PCT_CA 0.0484 0.095 0.0313 0.263 0.0522 0.081 
PCT_PB 0.0165 0.46 0.0186 0.453 0.0006 0.974 
PCT_FAST 0.1012 0.013 0.105 0.01 0.0265 0.286 
PCT_SLOW 0.1012 0.013 0.105 0.01 0.0265 0.286 
PCT_POOL 0.0335 0.243 0.0213 0.361 0.0405 0.157 
PCT_SIDE 0.0196 0.424 0.0285 0.296 0.028 0.271 
Channel Cross Section and Bank Morphology 
XBKA 0.0873 0.022 0.1261 0.002 0.1568 0.001 
SDBK_A 0.0345 0.2 0.0243 0.323 0.0155 0.488 
BKA_Q3 0.0881 0.018 0.1063 0.005 0.0865 0.015 
MEDBK_A 0.075 0.041 0.1093 0.005 0.1206 0.001 
BKA_Q1 0.0824 0.022 0.1231 0.002 0.1536 <0.001 
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Channel Cross Section and Bank Morphology - continued 
INTQBKA 0.0262 0.28 0.0205 0.398 0.0074 0.716 
XUN 0.0037 0.849 0.0059 0.78 0.0059 0.745 
SDUN 0.0607 0.066 0.0662 0.043 0.1064 0.005 
BKUN_Q3 0.0012 0.947 0.0026 0.896 0.0017 0.922 
INTQBKUN 0.0182 0.454 0.0215 0.388 0.0023 0.898 
XBKF_W 0.2625 <0.001 0.3022 <0.001 0.3335 <0.001 
SDBKF_W 0.0767 0.04 0.114 0.004 0.1849 <0.001 
XBKF_H 0.0568 0.07 0.0598 0.055 0.0402 0.157 
SDBKF_H 0.0078 0.737 0.0027 0.914 0.0065 0.778 
XINC_H 0.2925 <0.001 0.281 <0.001 0.2027 <0.001 
SDINC_H 0.0069 0.774 0.0024 0.926 0.0061 0.795 
BFWD_RAT 0.2322 <0.001 0.289 <0.001 0.3269 <0.001 
Fish Cover 
XFC_ALG 0.0386 0.148 0.0491 0.095 0.0125 0.561 
XFC_AQM 0.0555 0.075 0.0494 0.097 0.0575 0.079 
XFC_LWD 0.035 0.219 0.0506 0.098 0.0595 0.064 
XFC_BRS 0.0507 0.094 0.0587 0.071 0.0331 0.219 
XFC_OHV 0.2066 <0.001 0.2338 <0.001 0.1294 0.005 
XFC_UCB 0.1804 <0.001 0.19 <0.001 0.0947 0.009 
XFC_RCK 0.0495 0.134 0.0671 0.046 0.0899 0.021 
XFC_HUM 0.0187 0.419 0.0174 0.471 0.0265 0.303 
PFC_ALG 0.0428 0.135 0.0477 0.123 0.0136 0.548 
PFC_AQM 0.0702 0.03 0.0669 0.044 0.1182 0.007 
PFC_LWD 0.1176 0.002 0.1577 <0.001 0.1228 0.002 
PFC_BRS 0.1739 <0.001 0.1945 <0.001 0.0682 0.042 
PFC_OHV 0.2288 <0.001 0.2673 <0.001 0.2003 0.001 
PFC_UCB 0.195 <0.001 0.2124 <0.001 0.1122 0.006 
PFC_RCK 0.0443 0.148 0.0677 0.04 0.1195 0.004 
PFC_HUM 0.0609 0.055 0.0607 0.06 0.0421 0.175 
PFC_ALL 0.0414 0.154 0.0576 0.075 0.0582 0.08 
PFC_NAT 0.0562 0.065 0.0738 0.03 0.0709 0.035 
PFC_BIG 0.0825 0.022 0.1139 0.005 0.0898 0.019 
XFC_ALL 0.1113 0.004 0.1198 0.001 0.0517 0.087 
XFC_NAT 0.1291 <0.001 0.1379 0.002 0.0621 0.051 
XFC_BIG 0.0393 0.178 0.0692 0.042 0.1194 0.004 
Flow 
FLOW 0.1309 0.008 0.1309 0.003 0.0619 0.117 
Human Disturbance 
XB_HALL 0.0079 0.713 0.0144 0.535 0.0388 0.185 
XC_HALL 0.0295 0.276 0.0485 0.118 0.0687 0.042 
XF_HALL 0.005 0.784 0.0034 0.868 0.0174 0.447 
XCB_HALL 0.0107 0.623 0.0146 0.518 0.0037 0.864 
  
122
Variable 
Fish 
Abd/100m r2 Pr(>r) 
Fish 
Pre/abs 
r2 Pr(>r) 
FIBI 
Metrics 
r2 Pr(>r) 
Human Disturbance - continued 
X_HALL 0.0016 0.924 0.0028 0.897 0.0183 0.443 
XB_HNOAG 0.0462 0.117 0.0569 0.08 0.047 0.118 
XC_HNOAG 0.0882 0.018 0.0859 0.013 0.0106 0.616 
XF_HNOAG 0.0233 0.334 0.0181 0.465 0.0055 0.796 
XCB_HNAG 0.0683 0.045 0.0812 0.024 0.0181 0.44 
X_HNOAG 0.0408 0.152 0.038 0.186 0.0099 0.637 
XB_HAG 0.0291 0.26 0.0277 0.28 0.0074 0.707 
XC_HAG 0.1147 0.007 0.1478 <0.001 0.0866 0.023 
XF_HAG 0.0138 0.507 0.0177 0.467 0.0234 0.355 
XCB_HAG 0.0876 0.012 0.104 0.008 0.0198 0.429 
X_HAG 0.0977 0.015 0.1192 0.004 0.0339 0.215 
W1_HALL 0.0008 0.962 0.0022 0.9 0.0169 0.484 
W1_HNOAG 0.0495 0.106 0.0507 0.109 0.0165 0.485 
W1_HAG 0.085 0.019 0.0993 0.006 0.015 0.506 
W1H_BLDG 0.0179 0.423 0.0122 0.555 0.0481 0.106 
W1H_WALL 0.0519 0.117 0.0479 0.11 0.0053 0.779 
W1H_PVMT 0.0206 0.412 0.0213 0.4 0.0298 0.246 
W1H_ROAD 0.0147 0.498 0.0095 0.666 0.0055 0.779 
W1H_PIPE 0.001 0.958 0.0014 0.943 0.0008 0.975 
W1H_LDFL 0.1159 0.002 0.12 0.004 0.0419 0.151 
W1H_PARK 0.0267 0.3 0.0334 0.217 0.0354 0.196 
W1H_CROP 0.1772 <0.001 0.2161 <0.001 0.1382 0.001 
W1H_PSTR 0.0312 0.237 0.0312 0.249 0.0166 0.469 
W1H_MINE 0.0295 0.265 0.0186 0.451 0.0397 0.138 
Large Woody Debris 
C1W 0.1361 <0.001 0.1855 <0.001 0.149 <0.001 
C2W 0.1588 <0.001 0.2065 <0.001 0.1609 <0.001 
C3W 0.1505 <0.001 0.2045 <0.001 0.1781 <0.001 
C4W 0.2002 <0.001 0.2676 <0.001 0.1441 <0.001 
C5W 0.0342 0.19 0.0464 0.124 0.037 0.184 
C1D 0.0639 0.042 0.0745 0.03 0.034 0.215 
C2D 0.0836 0.015 0.1051 0.011 0.0508 0.101 
C3D 0.0748 0.025 0.1108 0.006 0.0883 0.017 
C4D 0.0339 0.208 0.0426 0.14 0.0326 0.223 
C5D 0.0068 0.771 0.0018 0.93 0.0024 0.936 
V1W 0.177 <0.001 0.2377 <0.001 0.1679 0.001 
V2W 0.1787 <0.001 0.2393 <0.001 0.1674 0.001 
V3W 0.1806 <0.001 0.2433 <0.001 0.1692 0.001 
V4W 0.1796 <0.001 0.2401 <0.001 0.1319 0.001 
V5W 0.0342 0.19 0.0464 0.124 0.037 0.184 
V1D 0.0249 0.311 0.0323 0.217 0.0293 0.239 
V2D 0.0241 0.328 0.0309 0.232 0.029 0.241 
V3D 0.0202 0.387 0.025 0.315 0.0276 0.256 
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Large Woody Debris - continued 
V4D 0.0116 0.588 0.0081 0.721 0.0108 0.603 
V5D 0.0068 0.771 0.0018 0.93 0.0024 0.936 
C1T 0.1394 <0.001 0.1896 <0.001 0.1441 <0.001 
C2T 0.1637 <0.001 0.2141 <0.001 0.1579 <0.001 
C3T 0.1535 <0.001 0.2112 <0.001 0.1806 <0.001 
C4T 0.195 <0.001 0.2599 <0.001 0.1424 <0.001 
C5T 0.0219 0.347 0.0323 0.232 0.038 0.181 
V1T 0.1658 <0.001 0.222 <0.001 0.1584 <0.001 
V2T 0.1665 <0.001 0.2221 <0.001 0.1577 <0.001 
V3T 0.1642 <0.001 0.2208 <0.001 0.1584 <0.001 
V4T 0.1512 0.001 0.2004 <0.001 0.1171 0.002 
V5T 0.0219 0.347 0.0323 0.232 0.038 0.181 
C1W_MSQ 0.0147 0.492 0.0106 0.634 0.0119 0.595 
C2W_MSQ 0.0067 0.739 0.0102 0.638 0.0013 0.94 
C3W_MSQ 0.0093 0.673 0.0214 0.365 0.0067 0.732 
C4W_MSQ 0.0546 0.081 0.0876 0.013 0.0128 0.552 
C5W_MSQ 0.0268 0.278 0.0337 0.216 0.0356 0.182 
V1W_MSQ 0.0139 0.523 0.0298 0.242 0.0013 0.944 
V2W_MSQ 0.0181 0.445 0.0356 0.178 0.0022 0.908 
V3W_MSQ 0.0228 0.346 0.0423 0.137 0.0062 0.758 
V4W_MSQ 0.0329 0.204 0.0565 0.064 0.0043 0.82 
V5W_MSQ 0.0268 0.278 0.0337 0.217 0.0356 0.182 
C1WM100 0.0622 0.056 0.1018 0.009 0.0505 0.1 
C2WM100 0.0929 0.013 0.1283 0.003 0.0636 0.055 
C3WM100 0.1048 0.009 0.1499 <0.001 0.1134 0.003 
C4WM100 0.1631 0.003 0.2204 <0.001 0.0933 0.011 
C5WM100 0.03 0.227 0.0393 0.167 0.0385 0.166 
V1WM100 0.1197 0.004 0.1708 <0.001 0.09 0.012 
V2WM100 0.1232 0.002 0.173 <0.001 0.0913 0.012 
V3WM100 0.1233 0.004 0.1731 <0.001 0.0977 0.008 
V4WM100 0.1202 0.006 0.1665 <0.001 0.0705 0.033 
V5WM100 0.03 0.26 0.0393 0.183 0.0385 0.171 
C1DM100 0.0506 0.105 0.0527 0.083 0.0128 0.568 
C2DM100 0.0606 0.073 0.0689 0.038 0.0211 0.367 
C3DM100 0.0534 0.081 0.0763 0.028 0.0667 0.039 
C4DM100 0.0225 0.375 0.0265 0.295 0.0231 0.341 
C5DM100 0.0068 0.783 0.0018 0.95 0.0024 0.926 
V1DM100 0.0165 0.52 0.0217 0.369 0.0185 0.419 
V2DM100 0.0155 0.544 0.0205 0.396 0.0189 0.408 
V3DM100 0.0113 0.644 0.0153 0.513 0.0207 0.38 
V4DM100 0.0098 0.692 0.0061 0.785 0.0081 0.693 
V5DM100 0.0068 0.783 0.0018 0.95 0.0024 0.926 
C1TM100 0.0677 0.043 0.1042 0.006 0.0455 0.118 
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Large Woody Debris - continued 
C2TM100 0.0974 0.014 0.1322 <0.001 0.058 0.046 
C3TM100 0.1095 0.007 0.1588 0.001 0.1189 <0.001 
C4TM100 0.1576 <0.001 0.2111 <0.001 0.0937 0.01 
C5TM100 0.0169 0.46 0.026 0.325 0.039 0.167 
V1TM100 0.112 0.002 0.1579 <0.001 0.0847 0.013 
V2TM100 0.1146 0.002 0.1594 <0.001 0.0862 0.011 
V3TM100 0.1126 0.007 0.1572 <0.001 0.0943 0.008 
V4TM100 0.1011 0.008 0.1378 0.001 0.0642 0.042 
V5TM100 0.0169 0.46 0.026 0.325 0.039 0.167 
RCHWSDSL 0.1094 0.004 0.1566 <0.001 0.1303 0.006 
RCHWSDML 0.1593 0.001 0.1935 <0.001 0.1311 <0.001 
RCHWSDLL 0.0067 0.752 0.0063 0.77 0.0061 0.764 
RCHWMDSL 0.1047 0.003 0.1324 <0.001 0.102 0.013 
RCHWMDML 0.1128 0.006 0.1529 <0.001 0.1659 0.002 
RCHWMDLL 0.1753 <0.001 0.2322 <0.001 0.1618 <0.001 
RCHWLDSL 0.0733 0.026 0.0987 0.008 0.0714 0.03 
RCHWLDML 0.1092 0.006 0.1499 0.002 0.0447 0.133 
RCHWLDLL 0.1358 0.001 0.1727 <0.001 0.0822 0.029 
RCHWXDSL 0.0148 0.521 0.018 0.476 0.0109 0.598 
RCHWXDML 0.0205 0.392 0.0282 0.291 0.0246 0.321 
RCHWXDLL 0.0342 0.218 0.0464 0.127 0.037 0.184 
RCHDSDSL 0.0417 0.171 0.0441 0.142 0.0188 0.44 
RCHDSDML 0.0584 0.073 0.0653 0.035 0.0227 0.344 
RCHDSDLL 0.0008 0.966 0.0028 0.889 0.0122 0.57 
RCHDMDSL 0.0443 0.125 0.0455 0.128 0.0089 0.681 
RCHDMDML 0.0825 0.025 0.124 0.005 0.0913 0.018 
RCHDMDLL 0.0816 0.025 0.1031 0.003 0.0647 0.042 
RCHDLDSL 0.0076 0.738 0.0061 0.774 0.0039 0.865 
RCHDLDML 0.0192 0.42 0.0235 0.357 0.0103 0.65 
RCHDLDLL 0.0109 0.623 0.0065 0.763 0.0203 0.396 
RCHDXDML 0.011 0.665 0.0071 0.768 0.0018 0.92 
RCHDXDLL 0.0068 0.783 0.0018 0.95 0.0024 0.926 
RCHTSDSL 0.1108 0.006 0.1568 <0.001 0.1234 0.008 
RCHTSDML 0.1563 <0.001 0.1893 <0.001 0.1155 0.001 
RCHTSDLL 0.0037 0.857 0.0038 0.849 0.0092 0.655 
RCHTMDSL 0.1112 0.001 0.1438 <0.001 0.1026 0.015 
RCHTMDML 0.1233 0.001 0.1714 <0.001 0.1761 0.001 
RCHTMDLL 0.1855 <0.001 0.2458 <0.001 0.1684 <0.001 
RCHTLDSL 0.0718 0.028 0.0944 0.011 0.0677 0.03 
RCHTLDML 0.1082 0.006 0.1471 0.002 0.0451 0.126 
RCHTLDLL 0.1276 0.001 0.1614 0.001 0.0835 0.029 
RCHTXDSL 0.0148 0.521 0.018 0.476 0.0109 0.598 
RCHTXDML 0.0154 0.543 0.0183 0.446 0.0141 0.514 
  
125
Variable 
Fish 
Abd/100m r2 Pr(>r) 
Fish 
Pre/abs 
r2 Pr(>r) 
FIBI 
Metrics 
r2 Pr(>r) 
Large Woody Debris - continued 
RCHTXDLL 0.0219 0.37 0.0323 0.237 0.038 0.171 
RCHWETT 0.1361 <0.001 0.1855 <0.001 0.149 0.005 
RCHDRYT 0.0639 0.061 0.0745 0.023 0.034 0.196 
RCHWDT 0.1394 <0.001 0.1896 <0.001 0.1441 0.004 
LWDWV33 0.177 <0.001 0.2377 <0.001 0.1679 0.002 
LWDDV33 0.0249 0.348 0.0323 0.212 0.0293 0.24 
LWDTV33 0.1658 <0.001 0.222 <0.001 0.1584 0.002 
LWDWVCAL 0.1531 <0.001 0.2066 <0.001 0.1486 0.001 
LWDDVCAL 0.0142 0.58 0.0156 0.515 0.0159 0.471 
LWDTVCAL 0.1328 0.003 0.1773 <0.001 0.1299 0.003 
SMWETDIA 0.1265 0.002 0.174 <0.001 0.1372 0.005 
MDWETDIA 0.1324 0.001 0.176 <0.001 0.1603 0.003 
LGWETDIA 0.1397 <0.001 0.187 <0.001 0.0854 0.019 
XLWETDIA 0.0342 0.207 0.0455 0.136 0.0351 0.208 
SMDRYDIA 0.0479 0.13 0.0519 0.091 0.0217 0.365 
MDDRYDIA 0.1026 0.01 0.135 0.001 0.0698 0.036 
LGDRYDIA 0.0249 0.326 0.0279 0.284 0.0213 0.365 
XLDRYDIA 0.0095 0.717 0.0043 0.856 0.0022 0.918 
SMDIATOT 0.1265 0.004 0.1725 <0.001 0.1277 0.004 
MDDIATOT 0.1422 <0.001 0.1925 <0.001 0.166 0.001 
LGDIATOT 0.1375 0.002 0.1823 <0.001 0.0857 0.017 
XLDIATOT 0.0237 0.362 0.0295 0.285 0.0236 0.341 
SHWETLEN 0.1097 0.004 0.1538 <0.001 0.1262 0.006 
MDWETLEN 0.1577 0.001 0.2028 <0.001 0.1636 <0.001 
LGWETLEN 0.1655 <0.001 0.2229 <0.001 0.1465 0.001 
SHDRYLEN 0.0457 0.131 0.048 0.112 0.0178 0.462 
MDDRYLEN 0.0795 0.036 0.1031 0.003 0.0541 0.074 
LGDRYLEN 0.021 0.382 0.0343 0.179 0.0479 0.105 
SHLENTOT 0.1119 0.006 0.1561 <0.001 0.1206 0.008 
MDLENTOT 0.1631 0.001 0.2113 <0.001 0.1594 <0.001 
LGLENTOT 0.1555 <0.001 0.211 <0.001 0.1448 0.001 
Relative Bed Stability 
LRBS_TST 0.151 0.002 0.1699 0.001 0.1839 0.001 
LRBS_BW6 0.1321 0.003 0.1535 0.002 0.203 0.001 
LRBS_BW5 0.1323 0.003 0.1536 0.002 0.2031 0.001 
LRBS_BW4 0.1326 0.003 0.1537 0.002 0.2026 0.001 
Residual Pool 
NRP 0.0866 0.017 0.0921 0.017 0.1171 0.002 
RPGT50 0.0759 0.026 0.0943 0.009 0.1668 <0.001 
RPGT75 0.0851 0.013 0.1106 0.003 0.1128 0.009 
RPGT100 0.0726 0.027 0.0953 0.007 0.0631 0.07 
RPMXLEN 0.147 0.002 0.142 0.003 0.1933 <0.001 
RPMXDEP 0.07 0.04 0.0908 0.011 0.1035 0.011 
  
126
Variable 
Fish 
Abd/100m r2 Pr(>r) 
Fish 
Pre/abs 
r2 Pr(>r) 
FIBI 
Metrics 
r2 Pr(>r) 
Residual Pool - continued 
RPMXWID 0.2204 <0.001 0.2839 <0.001 0.3722 <0.001 
RPMXAR 0.076 0.027 0.0902 0.012 0.0942 0.014 
RPMXVOL 0.1294 0.001 0.1533 <0.001 0.1195 0.009 
RPXWID 0.2396 <0.001 0.3097 <0.001 0.3615 <0.001 
RPXDEP 0.0147 0.504 0.0259 0.302 0.0606 0.063 
RPXLEN 0.1599 <0.001 0.1734 <0.001 0.1851 0.001 
RPXAREA 0.0868 0.013 0.1008 0.008 0.0877 0.023 
RPXVOL 0.1174 0.002 0.1356 0.001 0.0959 0.02 
RPVDEP 0.067 0.044 0.089 0.009 0.1026 0.01 
RPVLEN 0.1081 0.004 0.0951 0.015 0.1211 0.001 
RPVAREA 0.0512 0.093 0.0599 0.05 0.0641 0.051 
TOTPLEN 0.3065 <0.001 0.3369 <0.001 0.3685 <0.001 
AREASUM 0.1807 <0.001 0.2118 <0.001 0.2078 0.001 
TOTPVOL 0.1761 <0.001 0.2091 <0.001 0.1726 0.001 
TOTSDLEN 0.0216 0.385 0.0279 0.274 0.0614 0.056 
TOTPLENC 0.3065 <0.001 0.3369 <0.001 0.3685 <0.001 
AREASUMC 0.1807 <0.001 0.2118 <0.001 0.2078 0.001 
TOTPVOLC 0.1761 <0.001 0.2091 <0.001 0.1726 0.001 
TOTSDLNC 0.0216 0.385 0.0279 0.274 0.0614 0.056 
PCTRCHRP 0.1273 0.004 0.1389 0.002 0.1078 0.01 
PCTCHARP 0.1273 0.004 0.1389 0.002 0.1078 0.01 
PCTCHASD 0.1938 <0.001 0.2275 <0.001 0.2818 <0.001 
PCTPSED 0.1828 <0.001 0.2152 <0.001 0.2863 <0.001 
PCTDSED 0.0872 0.016 0.0841 0.016 0.0724 0.028 
RP100 0.0073 0.697 0.0147 0.484 0.0426 0.135 
RPV100R 0.1228 0.004 0.1591 <0.001 0.1577 0.003 
RP100C 0.0073 0.697 0.0147 0.484 0.0426 0.135 
RPV100C 0.1228 0.004 0.1591 <0.001 0.1577 0.003 
Riparian Vegetation 
XPCAN 0.1956 <0.001 0.2302 <0.001 0.0956 0.011 
XPMID 0.0483 0.103 0.0486 0.103 0.0258 0.33 
XPGVEG 0.0136 0.558 0.016 0.493 0.064 0.066 
XPCM 0.2177 <0.001 0.2543 <0.001 0.1004 0.011 
XPCMG 0.2138 <0.001 0.2502 <0.001 0.099 0.012 
XPMG 0.0425 0.13 0.0429 0.134 0.0227 0.367 
XPMGH 0.0263 0.314 0.034 0.215 0.0379 0.18 
XPMGW 0.1532 <0.001 0.1721 <0.001 0.0792 0.024 
XCL 0.1364 0.003 0.1851 <0.001 0.0991 0.01 
XCS 0.1787 <0.001 0.2128 <0.001 0.1333 0.002 
XMW 0.2304 <0.001 0.252 <0.001 0.0857 0.022 
XMH 0.0528 0.097 0.0838 0.018 0.0989 0.009 
XGW 0.0702 0.039 0.0839 0.015 0.0833 0.023 
XGH 0.1107 0.006 0.124 0.002 0.1566 0.001 
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Variable 
Fish 
Abd/100m r2 Pr(>r) 
Fish 
Pre/abs 
r2 Pr(>r) 
FIBI 
Metrics 
r2 Pr(>r) 
Riparian Vegetation - continued 
XGB 0.104 0.006 0.121 0.003 0.1431 0.002 
XC 0.1741 <0.001 0.2233 <0.001 0.127 0.001 
XM 0.037 0.185 0.0449 0.128 0.0183 0.448 
XG 0.0809 0.024 0.0846 0.012 0.1133 0.002 
XCM 0.1238 0.002 0.143 <0.001 0.034 0.22 
XCMW 0.2176 <0.001 0.2618 <0.001 0.1233 0.003 
XCMG 0.0574 0.062 0.0615 0.042 0.0027 0.883 
XCMGW 0.2125 <0.001 0.2554 <0.001 0.1275 0.002 
PCAN_D 0.1963 <0.001 0.2308 <0.001 0.0949 0.012 
PCAN_N 0.1956 <0.001 0.2302 <0.001 0.0952 0.011 
XCDENBK 0.0069 0.747 0.007 0.716 0.0002 0.996 
VCDENBK 0.0145 0.497 0.0245 0.327 0.0269 0.288 
XCDENMID 0.0355 0.198 0.0194 0.379 0.0122 0.572 
VCDENMID 0.0557 0.077 0.0371 0.159 0.0351 0.194 
Slope and Sinuosity 
XSLOPE 0.0933 0.013 0.1013 0.008 0.0645 0.046 
VSLOPE 0.0324 0.243 0.0407 0.147 0.0279 0.267 
SINU 0.0044 0.831 0.0099 0.664 0.0402 0.154 
Substrate 
XEMBED 0.0979 0.011 0.0991 0.008 0.063 0.062 
VEMBED 0.0958 0.015 0.1069 0.004 0.0508 0.101 
XCEMBED 0.1434 0.001 0.1493 <0.001 0.1145 0.006 
VCEMBED 0.137 <0.001 0.1456 <0.001 0.1218 0.002 
LSUB_DMM 0.0911 0.01 0.1202 0.004 0.1736 0.001 
LTEST 0.0321 0.233 0.0237 0.333 0.0072 0.683 
LDMB_BW5 0.0165 0.463 0.0076 0.701 0.0182 0.441 
LDMB_BW4 0.0168 0.456 0.0077 0.698 0.0186 0.437 
PCTRSED 0.1938 <0.001 0.2275 <0.001 0.2818 <0.001 
LSUB2DMM 0.0909 0.011 0.1202 0.004 0.1736 0.001 
LSUBD_SD 0.0918 0.021 0.0987 0.012 0.0535 0.09 
LSUBD2SD 0.0926 0.019 0.0995 0.012 0.054 0.087 
LSUB_D75 0.0456 0.127 0.0511 0.087 0.0771 0.034 
LSUB2D75 0.0456 0.127 0.0511 0.087 0.0771 0.034 
LSUB_D50 0.0778 0.028 0.1146 0.006 0.2646 <0.001 
LSUB2D50 0.0778 0.028 0.1146 0.006 0.2646 <0.001 
LSUB_D25 0.1375 <0.001 0.1706 <0.001 0.2073 <0.001 
LSUB2D25 0.1375 <0.001 0.1706 <0.001 0.2073 <0.001 
LSUB_IQR 0.0442 0.119 0.0413 0.136 0.0555 0.085 
LSUB2IQR 0.0442 0.119 0.0413 0.136 0.0555 0.085 
LSUB_D16 0.0888 0.018 0.0838 0.022 0.0261 0.307 
LSUB_D84 0.0635 0.054 0.0653 0.049 0.0656 0.05 
LSUB2D16 0.0888 0.018 0.0838 0.022 0.0261 0.307 
LSUB2D84 0.0635 0.054 0.0653 0.049 0.0656 0.05 
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Variable 
Fish 
Abd/100m r2 Pr(>r) 
Fish 
Pre/abs 
r2 Pr(>r) 
FIBI 
Metrics 
r2 Pr(>r) 
Substrate - continued 
PCT_FN 0.1577 <0.001 0.2183 <0.001 0.3919 <0.001 
PCT_GC 0.1076 0.004 0.1227 0.001 0.1459 0.002 
PCT_GF 0.1054 0.004 0.1328 <0.001 0.1354 0.003 
PCT_RC 0.0037 0.836 0.0056 0.797 0.0304 0.268 
PCT_SA 0.1994 <0.001 0.2309 <0.001 0.3115 <0.001 
PCT_HP 0.0128 0.548 0.0245 0.342 0.1297 0.002 
PCT_OT 0.0819 0.028 0.081 0.014 0.1036 0.005 
PCT_WD 0.0499 0.096 0.0576 0.068 0.033 0.204 
PCT_CB 0.0747 0.034 0.0828 0.021 0.1228 0.005 
PCT_RS 0.0168 0.457 0.0091 0.699 0.0095 0.669 
PCT_SB 0.0203 0.406 0.0139 0.547 0.0189 0.426 
PCT_RR 0.0071 0.727 0.0031 0.897 0.0152 0.513 
PCT_XB 0.0053 0.8 0.0066 0.775 0.0094 0.647 
PCT_BL 0.0113 0.6 0.0069 0.74 0.0144 0.535 
PCT_SAFN 0.142 0.001 0.1591 <0.001 0.1466 <0.001 
PCT_SFGF 0.0612 0.066 0.0596 0.058 0.0503 0.095 
PCT_BIGR 0.125 0.002 0.138 0.001 0.1995 <0.001 
PCT_BDRK 0.0157 0.484 0.0083 0.721 0.0102 0.649 
PCT_ORG 0.0499 0.096 0.0576 0.068 0.033 0.204 
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APPENDIX E.  WILCOXON RANK SUM TESTS. 
Wilcoxon rank sum tests between poor (FIBI < 25) and good or excellent (FIBI > 50) 
sites.  Variables that were significantly different but well correlated (r>.75) with other 
variables were considered redundant.  Variables retained for model selection are 
indicated.  
Variable 
Rank Sum 
Z P>|Z| 
>50 
FIBI 
Average 
<25 
FIBI 
Average 
Retained for Model 
Selection 
Channel Morphology 
REACHLEN 0.480 0.631 424.99 286.06  
XDEPTH -0.869 0.385 41.37 47.76  
TOTCHLEN 0.480 0.631 424.99 286.06  
TOTDPLEN 0.592 0.554 153.07 111.02  
TOTUPLEN 0.605 0.545 189.82 129.17  
TOTDPSDL -0.239 0.811 126.30 108.12  
TOTUPSDL -0.164 0.870 162.96 126.39  
PCTUSED -3.026 0.003 80.55 97.08 X 
FISH_D 0.532 0.595 429.29 288.96  
CROWS_D -0.643 0.521 319.29 259.92  
SDDEPTH 2.633 0.009 19.25 13.56 X 
XWIDTH 1.021 0.308 11.86 7.38  
SDWIDTH 2.381 0.017 3.09 1.55  
XWXD 0.819 0.413 5.61 3.68  
XWD_RAT 2.154 0.031 32.23 20.78 X 
SDWXD 2.482 0.013 2.51 1.27  
SDWD_RAT 2.759 0.006 18.55 9.02  
PCT_GL -2.497 0.013 59.44 75.29 X 
PCT_PD -0.970 0.332 3.03 5.27  
PCT_RI 2.165 0.030 15.75 8.18 X 
PCT_FAST 2.140 0.032 15.82 8.30  
PCT_SLOW -2.140 0.032 84.18 91.70  
Channel Cross Section and Bank Morphology 
XBKA -2.507 0.012 31.54 40.72 X 
BKA_Q3 -2.360 0.018 42.29 52.17  
MEDBK_A -2.231 0.026 28.57 38.38  
BKA_Q1 -2.297 0.022 16.93 26.62  
SDUN -1.956 0.050 0.03 0.06  
XBKF_W 1.789 0.074 17.07 10.49  
SDBKF_W 2.797 0.005 3.27 1.46 X 
XBKF_H 0.580 0.562 0.92 0.83  
XINC_H -3.188 0.001 2.21 3.80 X 
BFWD_RAT 2.948 0.003 12.39 7.80 X 
Fish Cover 
XFC_OHV 0.114 0.910 0.08 0.07  
XFC_UCB 0.103 0.918 0.02 0.01  
XFC_RCK 3.197 0.001 0.07 0.01 X 
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Variable 
Rank Sum 
Z P>|Z| 
>50 
FIBI 
Average 
<25 
FIBI 
Average 
Retained for Model 
Selection 
Fish Cover - continued 
PFC_AQM -0.172 0.864 0.08 0.06  
PFC_LWD 1.460 0.144 0.23 0.12  
PFC_BRS 0.608 0.543 0.53 0.45  
PFC_OHV -0.540 0.589 0.63 0.67  
PFC_UCB -0.408 0.683 0.30 0.33  
PFC_RCK 3.028 0.003 0.37 0.10  
PFC_NAT 0.657 0.511 0.94 0.90  
PFC_BIG 2.094 0.036 0.70 0.51 X 
XFC_ALL 2.346 0.019 0.25 0.16  
XFC_NAT 2.346 0.190 0.24 0.15 X 
XFC_BIG 3.052 0.002 0.12 0.04 X 
Flow 
FLOW -0.605 0.5452 0.54 0.63  
Human Disturbance 
XC_HALL -1.471 0.141 0.11 0.31  
XC_HNOAG 0.120 0.905 0.03 0.06  
XCB_HNAG -0.486 0.627 0.21 0.20  
XC_HAG -1.550 0.121 0.07 0.25  
XCB_HAG -0.723 0.470 0.26 0.33  
X_HAG -1.186 0.236 0.84 0.98  
W1_HAG -1.392 0.164 0.74 0.80  
W1H_LDFL 0.530 0.596 0.21 0.12  
W1H_CROP -2.674 0.008 0.30 0.59 X 
Large Woody Debris 
C1W 2.519 0.012 80.29 21.20  
C2W 1.659 0.097 32.93 9.43  
C3W 1.683 0.092 13.57 3.10  
C4W 1.343 0.179 3.28 0.83  
C1D 3.363 0.001 5.86 1.63  
C2D 3.318 0.001 2.93 0.70  
C3D 3.285 0.001 1.43 0.07  
V1W 2.063 0.039 34.53 7.89  
V2W 1.762 0.078 31.78 7.21  
V3W 1.802 0.072 25.97 5.58  
V4W 1.387 0.166 15.05 3.28  
C1T 2.519 0.012 86.14 22.83  
C2T 1.711 0.087 35.86 10.13  
C3T 2.026 0.043 15.00 3.17  
C4T 1.343 0.179 3.64 0.83  
V1T 2.139 0.033 37.50 8.24  
V2T 1.864 0.062 34.59 7.50  
V3T 2.079 0.038 28.32 5.65  
V4T 1.387 0.166 16.30 3.28  
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Variable 
Rank Sum 
Z P>|Z| 
>50 
FIBI 
Average 
<25 
FIBI 
Average 
Retained for Model 
Selection 
Large Woody Debris - continued 
C4W_MSQ 0.671 0.502 0.00 0.00  
C1WM100 2.632 0.009 14.42 6.92  
C2WM100 1.491 0.136 4.94 3.03  
C3WM100 1.628 0.104 1.93 0.92  
C4WM100 0.969 0.332 0.44 0.25  
V1WM100 1.999 0.046 5.17 2.50  
V2WM100 1.658 0.097 4.62 2.27  
V3WM100 1.694 0.090 3.68 1.73  
V4WM100 1.118 0.263 2.08 1.05  
C2DM100 3.363 0.001 0.48 0.21 X 
C3DM100 3.245 0.001 0.25 0.02  
C1TM100 2.658 0.008 15.40 7.43 X 
C2TM100 1.761 0.078 5.43 3.25  
C3TM100 2.063 0.039 2.19 0.94  
C4TM100 1.029 0.304 0.49 0.25  
V1TM100 2.126 0.034 5.63 2.60 X 
V2TM100 1.864 0.062 5.05 2.36  
V3TM100 1.997 0.046 4.04 1.75  
V4TM100 1.118 0.263 2.23 1.05  
RCHWSDSL 2.900 0.004 47.36 11.77  
RCHWSDML 1.450 0.147 8.43 3.57  
RCHWMDSL 1.820 0.069 9.86 2.67  
RCHWMDML 1.710 0.087 10.00 2.17  
RCHWMDLL 1.957 0.050 1.43 0.43  
RCHWLDSL 2.887 0.004 1.07 0.10  
RCHWLDML 1.387 0.165 1.00 0.17  
RCHWLDLL 1.381 0.167 0.57 0.20  
RCHDSDML 1.845 0.065 0.64 0.17  
RCHDMDML 3.266 0.001 1.07 0.07  
RCHDMDLL 2.568 0.010 0.21 0.00 X 
RCHTSDSL 2.887 0.004 50.29 12.70  
RCHTSDML 1.520 0.129 9.07 3.73  
RCHTMDSL 1.806 0.071 10.64 3.07  
RCHTMDML 2.067 0.039 11.07 2.23  
RCHTMDLL 1.973 0.049 1.64 0.43  
RCHTLDSL 2.576 0.010 1.14 0.17  
RCHTLDML 1.387 0.165 1.07 0.17  
RCHTLDLL 1.381 0.167 0.64 0.20  
RCHWETT 2.519 0.012 80.29 21.20  
RCHDRYT 3.363 0.001 5.86 1.63  
RCHWDT 2.519 0.012 86.14 22.83  
LWDWV33 2.063 0.039 34.53 7.89  
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Variable 
Rank Sum 
Z P>|Z| 
>50 
FIBI 
Average 
<25 
FIBI 
Average 
Retained for Model 
Selection 
Large Woody Debris - continued 
LWDTV33 2.139 0.033 37.50 8.24  
LWDWVCAL 2.063 0.039 25.84 5.14  
LWDTVCAL 2.189 0.029 27.64 5.42  
SMWETDIA 2.583 0.010 55.93 15.43  
MDWETDIA 1.771 0.077 21.29 5.27  
LGWETDIA 1.749 0.080 2.64 0.47  
MDDRYDIA 3.202 0.001 2.07 0.47  
SMDIATOT 2.557 0.011 59.50 16.53  
MDDIATOT 1.900 0.058 23.36 5.73  
LGDIATOT 1.614 0.107 2.86 0.53  
SHWETLEN 2.887 0.004 58.43 14.53  
MDWETLEN 1.463 0.143 19.57 5.93  
LGWETLEN 1.532 0.126 2.29 0.73  
MDDRYLEN 3.560 0.000 1.79 0.23  
SHLENTOT 2.849 0.004 62.21 15.93  
MDLENTOT 1.729 0.084 21.36 6.17  
LGLENTOT 1.563 0.118 2.57 0.73  
Relative Bed Stability 
LRBS_TST 2.621 0.009 -0.88 -1.38  
LRBS_BW6 2.961 0.003 -1.29 -1.79 X 
LRBS_BW5 2.949 0.003 -1.29 -1.79  
LRBS_BW4 2.961 0.003 -1.29 -1.79  
Residual Pool 
NRP 0.120 0.383 10.57 9.57  
RPGT50 2.553 0.011 1.86 0.83 X 
RPGT75 2.166 0.030 0.71 0.20  
RPGT100 1.968 0.049 0.36 0.07  
RPMXLEN 0.277 0.782 87.96 78.47  
RPMXDEP 2.230 0.026 75.49 56.52 X 
RPMXWID 2.759 0.006 10.61 5.21  
RPMXAR 1.071 0.284 22.90 17.16  
RPMXVOL 2.482 0.013 95.41 30.43  
RPXWID 2.835 0.005 3.93 1.93 X 
RPXDEP 1.550 0.121 19.28 15.32  
RPXLEN 0.907 0.364 30.49 27.07  
RPXAREA 1.424 0.155 5.90 4.43  
RPXVOL 2.381 0.017 20.94 7.30  
RPVDEP 2.079 0.038 17.08 12.27  
RPVLEN -0.466 0.641 26.03 27.05  
RPVAREA 1.046 0.296 7.61 6.19  
TOTPLEN 0.592 0.554 346.22 242.62  
AREASUM 1.726 0.084 65.90 36.44  
TOTPVOL 2.432 0.015 249.61 63.17  
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Variable 
Rank Sum 
Z P>|Z| 
>50 
FIBI 
Average 
<25 
FIBI 
Average 
Retained for Model 
Selection 
Residual Pool - continued 
TOTPLENC 0.592 0.554 346.22 242.62  
AREASUMC 1.726 0.084 65.90 36.44  
TOTPVOLC 2.432 0.015 249.61 63.17  
PCTRCHRP -0.643 0.520 85.13 86.73  
PCTCHARP -0.643 0.520 85.13 86.73  
PCTCHASD -1.651 0.099 27.06 37.37  
PCTPSED -1.879 0.060 30.86 42.56  
PCTDSED -1.661 0.097 76.95 96.61  
RPV100R 3.263 0.001 44.92 18.45 X 
RPV100C 3.263 0.001 44.92 18.45  
Riparian Vegetation 
XPCAN 1.803 0.071 0.62 0.41  
XPCM 1.638 0.102 0.59 0.41  
XPCMG 1.662 0.097 0.59 0.40  
XPMGW 1.010 0.312 0.66 0.56  
XCL 2.345 0.019 0.22 0.12  
XCS 2.209 0.027 0.15 0.08  
XMW 1.400 0.162 0.24 0.17  
XMH -2.534 0.011 0.24 0.41 X 
XGW 1.105 0.269 0.07 0.05  
XGH -1.919 0.055 0.65 0.71  
XGB 1.249 0.212 0.23 0.19  
XC 2.231 0.026 0.37 0.21 X 
XG -1.526 0.127 0.73 0.76  
XCM 0.504 0.614 0.86 0.80  
XCMW 1.878 0.060 0.62 0.38  
XCMG 0.403 0.687 1.59 1.56  
XCMGW 1.953 0.051 0.69 0.43  
PCAN_D 1.829 0.068 0.62 0.41  
PCAN_N -1.803 0.071 0.37 0.59  
Sinuosity and Slope 
XSLOPE 0.676 0.499 0.32 0.20  
Substrate 
XEMBED -2.066 0.039 80.94 87.38  
VEMBED 1.247 0.212 29.10 24.00  
XCEMBED -2.509 0.012 74.95 85.93  
VCEMBED 1.450 0.147 30.58 22.72  
LSUB_DMM 3.339 0.001 -0.15 -0.76  
PCTRSED -1.651 0.099 27.06 37.37  
LSUB2DMM 3.339 0.001 -0.16 -0.76  
LSUBD_SD 1.122 0.262 1.51 1.39  
LSUBD2SD 1.134 0.257 1.51 1.39  
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Variable 
Rank Sum 
Z P>|Z| 
>50 
FIBI 
Average 
<25 
FIBI 
Average 
Retained for Model 
Selection 
Substrate - continued 
LSUB_D75 3.481 0.001 0.97 -0.20  
LSUB2D75 3.481 0.001 0.97 -0.20  
LSUB_D50 3.238 0.001 -0.15 -1.07  
LSUB2D50 3.238 0.001 -0.15 -1.07  
LSUB_D25 1.291 0.197 -1.40 -1.73  
LSUB2D25 1.291 0.197 -1.40 -1.73  
LSUB_D16 0.390 0.697 -1.87 -1.95  
LSUB_D84 2.557 0.011 1.41 0.40 X 
LSUB2D16 0.390 0.697 -1.87 -1.95  
LSUB2D84 2.557 0.011 1.41 0.40  
PCT_FN -2.118 0.034 27.85 46.21 X 
PCT_GC 4.273 <0.0001 11.43 2.50  
PCT_GF 3.470 0.001 14.90 6.47 X 
PCT_SA -0.240 0.811 32.72 35.77  
PCT_HP -1.952 0.051 1.23 6.43  
PCT_OT -1.054 0.292 0.07 0.19  
PCT_CB 3.794 0.000 9.07 1.05  
PCT_SAFN -3.971 <0.0001 60.57 81.98 X 
PCT_BIGR 4.145 <0.0001 22.27 4.47 X 
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APPENDIX F.  PERMUTATION TESTS OF LANDSCAPE 
VARIABLES. 
Results of permutation tests from landscape variables fit as vectors with NMDS 
ordination based on physical habitat variables and NMDS ordination based on fish 
assemblage from Chapter 2.  Squared correlation coefficients and P values are given for 
each variable. 
Physical Habitat NMDS Fish Assemblage NMDS 
Variable r2 Pr(>r) r2 Pr(>r) 
Catchment Scale 
LANDAREA 0.3241 <0.001 0.2803 <0.001 
N_INDEX 0.1289 0.006 0.1362 0.001 
PFOR 0.1109 0.015 0.1032 0.007 
PWETL 0.1323 0.005 0.2134 <0.001 
PNG 0.0782 0.071 0.079 0.019 
U_INDEX 0.1289 0.006 0.1362 0.001 
PURB 0.0078 0.876 0.0554 0.072 
PAGT 0.1204 0.009 0.1513 0.001 
PAGP 0.1543 0.003 0.0929 0.017 
PAGC 0.1334 0.006 0.1357 0.001 
AGTSL9 0.1989 <0.001 0.1535 <0.001 
AGPSL9 0.1640 0.001 0.099 0.010 
AGCSL9 0.2390 <0.001 0.1773 <0.001 
STRMLEN 0.2944 <0.001 0.3163 <0.001 
STRMDENS 0.0314 0.429 0.0268 0.304 
RDLEN 0.3152 <0.001 0.2722 <0.001 
RDDENS 0.0504 0.197 0.0167 0.443 
POPCHG 0.0336 0.399 0.0117 0.590 
POPDENS 0.1162 0.007 0.1195 0.002 
PCTIA_LC 0.0196 0.649 0.1165 0.001 
PTILE 0.0617 0.114 0.0406 0.148 
SINU 0.1395 0.004 0.0484 0.114 
PNMNDR 0.0849 0.046 0.0092 0.658 
Network Riparian Buffer Scale 
RNAT30 0.1508 0.001 0.2042 <0.001 
RFOR30 0.1586 0.001 0.1439 <0.001 
RWETL30 0.2015 <0.001 0.1324 0.001 
RNG30 0.0311 0.413 0.003 0.874 
RHUM30 0.1507 0.001 0.2042 <0.001 
RURB30 0.0338 0.388 0.1384 0.001 
RAGT30 0.1560 0.001 0.2308 <0.001 
RAGP30 0.0598 0.148 0.0726 0.043 
RAGC30 0.1571 <0.001 0.2134 <0.001 
RNS30 0.0153 0.718 0.0115 0.606 
STXRD 0.0780 0.049 0.0291 0.281 
STXRD_CNT 0.2565 <0.001 0.305 <0.001 
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Physical Habitat NMDS Fish Assemblage NMDS 
Variable r2 Pr(>r) r2 Pr(>r) 
Local Catchment Scale 
1K_N_INDEX 0.3577 <0.001 0.1464 0.001 
1K_PFOR 0.3808 <0.001 0.1085 0.002 
1K_PWETL 0.2118 <0.001 0.2156 <0.001 
1K_PNG 0.0372 0.341 0.0321 0.219 
1K_U_INDEX 0.3577 <0.001 0.1464 0.001 
1K_PURB 0.0715 0.084 0.1019 0.006 
1K_PAGT 0.3953 <0.001 0.1928 <0.001 
1K_PAGP 0.0995 0.035 0.0351 0.211 
1K_PAGC 0.3899 <0.001 0.1824 <0.001 
1K_AGTSL9 0.1785 <0.001 0.1521 <0.001 
1K_AGPSL9 0.0667 0.097 0.0005 0.979 
1K_AGCSL9 0.2146 <0.001 0.1524 <0.001 
1K_STRMLEN 0.0294 0.438 0.0294 0.269 
1K_STRMDENS 0.0049 0.923 0.0263 0.288 
1K_RDLEN 0.0126 0.783 0.0793 0.025 
1K_RDDENS 0.0382 0.348 0.0878 0.017 
1K_PCTIA_LC 0.1346 0.002 0.1368 0.002 
1K_PTILE 0.1298 0.005 0.009 0.679 
1K_SINU 0.0536 0.17 0.0039 0.842 
1K_PNMNDR 0.0414 0.267 0.0109 0.615 
Local Riparian Buffer Scale 
1K_RNAT30 0.4875 <0.001 0.1521 <0.001 
1K_RFOR30 0.5441 <0.001 0.1399 0.002 
1K_RWETL30 0.2607 <0.001 0.0702 0.032 
1K_RNG30 0.2995 <0.001 0.0729 0.032 
1K_RHUM30 0.4875 <0.001 0.1521 <0.001 
1K_RURB30 0.0261 0.514 0.1334 <0.001 
1K_RAGT30 0.5055 <0.001 0.2143 <0.001 
1K_RAGP30 0.0579 0.128 0.0269 0.31 
1K_RAGC30 0.5129 <0.001 0.2539 <0.001 
1K_RNS30 0.0189 0.617 0.0056 0.754 
1K_STXRD 0.0456 0.238 0.0002 0.992 
1K_STXRD_CNT 0.0242 0.528 0.0021 0.9 
Segment Scale 
SEG_SIN 0.2072 <0.001 0.0149 0.504 
GRADSEG 0.3360 <0.001 0.2502 <0.001 
 
 
